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, Seanta Barbara to San Diego. 
5 tie sees doifh Hall-ScottAda Eqtip ent 


On April 12th, the LF "| nj =A ums Fp 2 Santa Barbara to San 
Loughead Seaplane 233 eS ES a Fae Diego, a distance of 
F-1 established a eS a a 211 miles, in 181 
new American du- > ip a. minutes. 

ration record. This ive lt alcool) 4 The F-1 is designed 
seaplane, the largest | “TT ae) 1 for aerial patrol and 
ever constructed on re oe eee Ae is motored by two 
the Pacific Coast, . Bi Six Cylinder Ha//- 
made the trip, with Scott A-5 150 4.p. 
a pilot and three Airplane Engines. 
passengers, from ; - Catalog on Request 


HALL-SCOTT MOTOR CAR COMPANY 


General Offices: CRoCKER BuILDING San Francisco, CALIFORNIA 
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BOEING AIRPLANE COMPANY 
SEATTLE, WASHINGTON 


CONTRACTORS TO U.S. NAVY 


WE HAVE FOR SALE 


1 Two-place complete Seaplane, twin float 
A 7, 90-100 HP, Hall-Scott Motor. 
Speed 70 miles per hour, especially 
constructed for schooling purposes, 
and equipped with Dep. Control. 


2 Brand new Hall-Scott A 5a “Big Six” 
Navy Inspected Motors, 135-150 HP. 


The Above at Very Reasonable Prices 





Write for Particulars 
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\\ SN . . The Eagles Wings | 


a 
That Standard Production is a 
vital factor in giving wings of 
combat to our national bird, is a 
source of patriotic pride to the 
Standard Aircraft Corporation— 
“A Real Fighting Industry ”. 


ELIZABETH Maa NEW JERSEY 


A-REAL: F IGLITING INDUSTRY 
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Duesenberg 


The Power of the Hour 


w, habalestiateaastasls 


The Duesenberg Motors Corporation 
Praverelereecie sate) olsettel-me) ar Mee Tiellelsiceyal 
office to facilitate the carrying out of 
their Government Contracts. 


BL Oh ae) nts) 2). COR (ON EO). 1 OO). 0u@).0. 0 BLO 
Munsey Building WASHINGTON, D. C 





YUESENBERG MOTORS CORPORATION, 120 BROADWAY, NEW YORK CITY 
INTRACTORS TO THE UNITED STATES GOVERNMENT 
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Monutacturers for the United Sates GOVCTIINCNT 


She Dayton Wright Airplane Co. 


DAYTON ,OHIO 
‘Ihe Birthplace of the Airplane” 
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NEW 
ENDURANCE RECORD 


UU 





Established by 


; Union Airplane Motor 

| at U. S. Aeronautical 
Testing Laboratory, 
Navy Yard, Washing- 
ton, D. C. 


Best previous record ex- 
ceeded by fifty per cent. 


SUVA NUH AAATUUANAUTAT 


UNION GAS ENGINE COMPANY 


ESTABLISHED 1885 
; 


OAKLAND - - . CALIFORNIA 
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THE SPERRY GYROSCOPE COMPANY 


ar MANHATTAN BRIDGE PLAZA Le) 
BROOKLYN --- NEW YORK ~2 


. PARIS MILAN PETROGRAB TOKIO 4 
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BAKELITE 


REG. U.S. PAT. OFF. 








UMMER heat, winter cold, rain or snow, have no 
effect on Bakelite. Sudden changes in temperature 
will not crack it; constant service will not cause 

it to deteriorate in efficiency or appearance. 












High dielectric strength and resistance to solvents and 
most chemical influences opens a range of usefulness 


Immune to for Bakelite that is practically unlimited. 


- It is non-hygroscopic and heat resistant. Its density, 
Atmospheric homogeneity, and tensile strength, round out a set of 


c a ° physical, properties that establish Bakelite as the pre- 
onditions mier moulding material for insulation purposes. 


It is readily moulded, allowing of easy and accurate 
positioning of metal inserts and saves a worth-while 
amount of hand labor or machine operations. 


The GENERAL BAKELITE COMPANY, 2 Rector Street, New York, welcomes 
inquiries from manufacturers and maintains a research laboratory for the working out 
of new applications, including those pertaining to flying machines. sonia 
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“We highly recommend 
Non-Gran Bronze, which we 
have used continuously for 
the past nine years and 
which is now used in over 
one hundred thousand of our 
motorcycles without a 
single complaint.” 










THis is the text of the telegram 
that was flashed across the 
wires in response to an inquiry 
from a Federal bureau, asking for 
information regarding NON - 
GRAN in actual service. 


iON-=GE 





BEARING BRONZE 


American Bronze Corporation 


Berwyn Pennsylvania 
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SUre - 


AREFUL inspection of each piece 

of work before passing from one 
operation to another eliminates those 
errors which even with the great uni- 
formity obtainable by our highly special- 
ized production system creep in now and 
again. 
Our inspectors with eye and instrument 
make sure that the valves, push _ rods, 
A DEPARTMENT bolts and special parts you order will al- 
OF YOUR PLANT ways be up to your specifications. 


FOR No chance enters into our inspection de- 
partment. Every dimension is checked 
Valves Push Rods —gaged—KNOWN. 


Propeller Hub Bolts Turn Buckles 


The Mee! Products Co 


Michigan Plant Main Plant Metals Welding Plant 
Detroit, Mich. ° Cleveland, Ohio Cleveland, Ohio 
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Ready for anything 


It doesn’t matter how high the flight; how 
cold or hot, or damp or dry the atmosphere. 


The Boyce Moto-Meter keeps right on 


telling the pilot the exact temperature of his 
motor every moment he’is in the air. 


This absolute accuracy and dependability 
of the Boyce Moto-Meter and the fact that 
it is the only motor heat indicator which 
registers motor temperatures from boiling 
to freezing are the vital reasons for its 
universal use upon American war-planes. 


THE MOTO-METER COMPANY, Inc. 


Contractors to the U. S. Government 


Long Island City, New York 





Creators of motor heat indica- 
tors. Exclusive licensees of the 
“Boyce”’ fundamental patents. 
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INDUSTRIAL 
FURNACES: 





for Oil, Natural Gas or 


Manufactured Gas 


HEN you buy a 8-C-H Industrial 
Furnace, you are buying, not 


merely a furnace, but several 
things. First—you are buying a com- 
plete furnace, not an erection problem. 
Second—you are buying the result of 
years of experience by trained heat-treat- 
ing engineers—men who know what a 
furnace should do—who know how to 
build a furnace so that it will do that 
work successfully. Third—you are also 
buying the constant services of these men 
—they will assist you with any new work 
or problems that may come up. Fourth 
—you are buying guaranteed satisfaction. 


When you consider these things, is 
it any surprise to learn that the largest 
part of our business comes from our old 
users? 


The S-C-H line of furnaces is com- 
plete—it consists of 75 standard furnaces 
—a furnace for every known heat-treat- 
ing need. With them may be had every 
known accessory needed with a heat-treat- 
ing furnace. 


Catalog 8-B describes the full 
line. Write for it today, at the 
same time stating the kind of 
work you wish to handle. 
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S-C-H Furnace 
No. 223 


\n ideal furnace for treating materials in 


potassium cyanide. The door raises easily by 
pressure on a foot pedal, the operator has both 
hands free. Because of the fast work permit- 
ted, the danger of escaping fumes is reduced. 
lt may also be used for melting soft meta!s or 


aluminum 


THE STRONG, CARLISLE & HAMMOND CO. 


FRANKFORT AVENUE 


Boston New York Chicago <-BRANCHES—> 





CLEVELAND, OHIO 


Philadelphia Detroit Pittsburgh 
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Everything in Rubber for the Airplane 





Balloons of Any Size and Every Type . 
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NAKCROWNED 


is the name of the new U.S. Navy Standard 


RESISTAL EYETECTS 


N.A. K. (RESISTAL EYETECTS) plus CROWN 
(optical glass) plus GROUND (p/ano—free from 
aberration) equals NAKCROWNED 


Standardized by the U. S. Navy as result of Bureau of 
Standards Test, Sept. 20, 1918 

The Navy Department requested the Bureau of Standards to thor- 
oughly test the new RESISTAL EYETECTS. Following are 
extracts of the Bureau’s report: 

NATURE OF TESTS 

“The tests of these lenses were of two kinds, optical and 

physical. 

RESULTS OF TESTS 

‘The surfaces of the lenses were found to be flat to within 

about a dozen wave lengths of sodium light and therefore, 

would not magnify the image nor trouble the user by dis- 

torting his vision, 

*‘One fact of great importance is that the lenses gave 

off no splinters when broken.’’ 


WE GUARANTEE RESISTAL EYETECTS 
will stand all the above tests 


Write for Booklet, free test pieces of RESISTAL lenses and 
complete sets of all Bureau of Standards Reports. 


STRAUSS & BUEGELEISEN 


Elias Buegeleisen, Sole Proprietor 
New York City 




















Look for this 
Trade Mark Labelon 438 Broad way 


your goggle. lenses 
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Airplane Crankshafts 
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HESE experts of the New Departure 
Metallurgical and Chemical Laborato- 

ries persistently check the special chrome 

alloy steels received to assure our specifi- 
cations. Steel in process of manufacture is 
also checked to insure that the high standards 
of New Departure quality are maintained. 
This department, with its complete equipment 
and resources, is responsible for the peculiar tough- 
ness and resiliency of New Departure ball bearings. 


These illustrations, from left to right, show: Chrome analysis; 
Carbon determination by electric furnace; Determination of 
critical point in the cementation of our special steels. 





Bristol, Conn. The New Departure Mfg. Co. Detroit, Mich, 
367 Conrad Patent Licensee. 
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A good practical manometer for use in air laboratories is 
that modification of the ordinary U-type known as the Krell. 
In this, one branch of the U is a glass tube set at a small angle 
and the other branch is a large tank. The movement of the 


meniscus in the tube gives 
a reading which, from the 
known dimensions of the in- 
strument, can be turned into 
m.p.h. When calibrated to a 
standard, this type makes a 
good manometer for constant 
use in an air laboratory. 

The question arises, is it 
not possible to modify this 
type so that it does not need 
calibration ? 

There are three possible 
errors in the Krell which are 
due to the fact that a change 
of level is measured by the 
movement of a fluid in a glass 
tube. Starting at point A 
the liquid is allowed to move 
to point B in the tube. Now 
the diameter of the tube at 
B may not be the same as 
the diameter at A, the axis 
of the tube at B may not lie 
in the axis of the tube at A 
and there may be an imper- 
fection in the inner surface 
of the tube at B not present 
at A. <Any one of these 
changes will necessitate eali- 
bration, and these conditions 
can not be eliminated because 
it is impossible to make glass 
tubing that is absolutely uni- 
form throughout its length. 

A glass tube has to be used, 
of course, because it is neces- 
sary to observe the position 
of the meniscus, but one im- 
portant fact should be borne 
mm mind. What we want to 
measure is not the movement 
of the meniscus in the glass, 
but its movement along a 
slope of known angle. Mani- 
festly then what we must do 
1s to move the tube along such 
a slope and never allow the 
meniscus to move in the tube. 
If we hold the meniscus at a 
fixed point in the tube and 
change the position of the 
= on ~ slope we can 

asure the change ve 
directly from ry bate 
movement of the tube. With 
such a manometer inequalities 
in the glass tube cannot affect 
the aceuracy of our results. 


The Krell Manometer 


By A. A. Merrill 


follows: 
































[here appear to be only two other sources of error, as 


i. If we take two glass tubes and connect them with a rubber 
U, put liquid in the tubes and then constrict the rubber U, 


both levels will rise. If there 
is a difference of levels this 
difference will not be altered, 
but the original levels will be 
altered. As in the Krell we 
measure from the original 
level, it is essential this level 
shall not be altered. If we 
let V represent the space oc- 
cupied by the total volume of 
liquid and dV the reduction 
of that space due to the con- 
striction, then if dV is very 
small in proportion to V the 
change of level is negligible. 
In practice I use a rubber 
tube two feet long for con- 
necting the glass tube to the 
tank which rubber tube rests 
on the table. The movement 
of the rubber tube on the 
table does not, in facet, pro- 
duce any visible change in the 
original level. 

2. The shape of the menis- 
cus will be altered by the wet- 
ness of the inner surface just 
above its level, therefore, it 
is advisable when the zero 
setting is being made to make 
the meniseus oscillate about 
the zero point in order that 
the surface of the tube near 
the zero point may be kept 
wet. 

The following description 
and photographs relate to a 
manometer which was de- 
signed by me and constructed 
in Pasadena under my diree- 
tion. The instrument shown 
is a double manometer having 
a short seale of six inches 
which can be set by means of 
wedges and a level at angles 
of 3, 6 and 9 deg. For wind 
tunnel work one glass tube is 
attached to the Pitot and the 
other to the pressure plate, 
thus allowing the latter to be 
-alibrated to the former. The 
lower ends of the glass tubes 
are connected to large tin 
eans, one of which is con- 
nected to the dynamic orifice 
of the Pitot and the other is 
open to the air. The can I 
used is an old five gallon oil 
can 9 in. square by 3 in. deep, 
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one side of which can be raised by a serew to get an accurate 
zero setting. 
The formula for the Krell type, using so-called standard air, 



















— 
is m.p.h. = 45.19 Vv ( R sin a+ : = ) Ss 
K 
where FR is the reading in inches 
a is the angle of the slope 
K is the area of the tank —the area of the glass tube 
S is the specific gravity of the fluid used. 
Where K is large the term in which it occurs ean safely be 
discarded. In my instrument K is about 2000. 
On a slope of 6 deg. with aleohol of 0.81 specifie gravity 
a reading of 6 in. means a speed of 32.2 m.p.h. 
With a magnifying glass the maximum error in reading is 


1/200 of an in., which means 1/12 of 1 per cent error in a 6 jg 
reading. This equals 1/24 of 1 per cent error in V or ay 
error of about 0.014 m.p.h. 

In this manometer the glass tubes are fastened to brag 
blocks moved by hand, having an index passing over a stock 
K & E 6 in. rule marked to 0.01 in. In the photograph the 
right hand brass block is shown without its glass tube. Jf 
higher accuracy of reading is desired a yernier or a micrometer 
serew can be used. Around each tube a line is etched forming 
a plane which determines the line of sight. The meniseus i 
kept constantly in contact with this plane. 

The sensitivity of this instrument is not as great as is the 
sensitivity of either the Fry or the Chattock, but it is sufficient. 
ly great for all air laboratory work. and unless the V in the 
tunnel is very steady, the instrument is much more practieal 
for constant use. 






































The monthly report on the operation and maintenance of 
the Air Mail Service for the month of August, which is printed 
herewith, is of particular interest in view of the fact that it 
furnishes the first performance and cost data of the Standard- 
Hispano mailplanes (numbered 1-6). These machines, as is 
well known, were specially built for aerial mail carrying, 
whereas the previously commissioned mai!lplanes, namely, the 


I OPERATION AND 


Rent, Light, 


Air- Grease Motor Fuel, Power, ———Pilots-——~ 
or and Office Cycles, Telephone. Actual Dead 
vo. Gas. Oil Force Trucks Water Misc. Time Time 





39362. . $96.90 $18.75 $13.27 $24.29 $29.63 $9.59 $81.07 $15.97 
39363.. 65.70 7.56 13.27 24.29 29.63 9.59 25.55 15.97 
39364.. 28.50 1.69 13.27 24.29 29.63 9.59 53.10 15.98 
39367 .. 81.60 6.02 13.27 24.29 29.63 9.59 93.31 15.98 
38262.. 47 .52 16.21 14.81 24.29 29.63 9.60 40 21 15.98 
38274... 133.67 44.45 14.81 24.29 29.64 9.60 107 21 15.98 
38275.. 108.00 41.83 23.54 24.29 29.64 9.60 119.26 15.98 
38278.. 103.67 38.84 14.81 24.29 29.64 9.60 104.45 15.98 
a hee 117.55 36.49 15.04 24.29 29.64 9.60 177.44 15.98 
2 81.90 23.47 13.27 24.29 29.64 9.60 166.68 15.98 
3 52.50 11.13 13.27 24.29 29.64 9.60 102.06 15.98 
4 63.58 8.51 19.40 24.29 29.64 9.60 72.99 15.98 
5 - 18.30 6.73 13.27 24.20 29 64 9.60 20.52 15.98 
Biase 2 72.45 28.67 13.27 24.29 29.64 9.60 205.71 15.98 


Total... $1,071.84 $290.35 $208.57 $340.06 $414.91 $134.35 $1,369.56 $223.70 


II. Service anp Unit Cost 


Gal. Total Total Miles Run Cost Cost 

Airplane of Time Miles per Gal. per per 

No. Gas. Run Run of Gas Hour Mile 

Hr. Min 

39362 288 ll 19 808 2 20 S49 34 $ 6910 
39363 219 7 629 2 87 64.45 7172 
39364 95 3 28 313 , 29 3 05 1.3628 
39367... 272 10 36 847 11 56 . 86 7116 
38262... 158 10 13 654 1.13 68 .32 1.0672 
38274 38 30 9 1,853 Rw: 53.61 620 
38275 ' 354 22 1,344 3.79 45.64 7470 
38278 340 25 32 1,713 5.03 31.43 1686 
1 ' 387 24 16 2,037 5.26 36.56 4355 
is 273 14 28 1,410 5.16 16.70 4791 
2S . 175 12 24 963 5.50 17.60 6131 
4. 209 ll 11 773 3.69 56 . 67 8199 
& . 61 l 17 170 ,. 48 248.48 2. 6067 
6 241 17 48 1,606 6.66 11.39 1610 
Total.. 3,510 203 «Ol 15.120 1 30 $47.03 $ 6319 


Curtiss-Hispano (series 38) and the Curtiss-Liberty (series 
39), were merely military machines adapted for this purpose. 

The present report discloses some highly interesting facts, 
particularly in comparison with the reports for June and July, 
whieh were published in the Oct. 1, 1918 issue of AviaTIon 
AND AERONAUTICAL ENGINEERING. The most striking of these 
is undoubtedly the gradually decreasing cost at which the 
service is being run, while the general efficiency shows a 
marked improvement. 

Thus, the total cost of the service has decreased from 
$9,922.71 (in June) and $10,001.49 (in July) to $9,555.67 in 


Cost of the Air Mail Service in August 


August, and so have the repairs, from $3,569.50 to $2,504.42 
and $1,320.46, respectively, although the number of miles flown 
has inereased from 14,155 to 14,601 and to 15,120, and the 
number of mailplanes commissioned was 11 in June, 10 in July, 
and 14 in August. While the total number of gallons of 
gasoline consumed has gone up from 2,787 to 3,211, and 
3,510, respectively—which would seem obvious, considering the 


MAINTENANCE 








Repairs Interest epart- 
—Hangar Men— -Mechanics— and on mental 
On Miscel- On Shop Acces- Invest- Overhead 
Plane laneous Piane Time sories ment Charge Tota 
$31.21 $7.43 $72.57 $13.08 $3.00 $80.12 $61.50 $558.38 
31.21 7.43 52.32 13.08 13.96 80.12 61.50 451.18 
31.21 7.43 57.18 13.08 —- 80.12 61.50 426.57 
37 . 26 7.42 113.72 13.08 15.95 80.12 61.50 602.74 
13.83 7.42 60.71 13.08 263 .06 80.12 61.50 697.97 
13.83 7.42 140.59 13.09 345.27 80.12 61.50 1,041.47 
25.93 7.42 156.68 13.09 287.12 80.12 61.50 1,004.0 
13.83 7.42 131.49 13.09 153.98 80.13 61.50 802.72 
19.88 7.42 139.25 13.09 139.87 80.13 61.50 887.17 
25.93 7.42 117.95 13.09 4.80 80.13 61.50 675.65 
25.93 7.42 121.64 13.09 22.30 80.13 61.50 590.48 
25.9 7.42 172.85 13.09 28 .90 80.13 61.50 633.81 
25.93 7.42 111.94 13.09 4.80 80.13 61.50 443.14 
25.9 7.42 115.26 13.09 37.45 80.13 61.50 740.3 
$347.84 $103.91 $1,564.15 $183.21 $1,320.46 $1,121.75 $861.00 $9,555.47 


increased number of machines flown—the cost per hour of 
operation has decreased from $53.59 to $52.95, and $47.06, 
respectively, and the cost per flight mile has gone down from 
$0.70 to $0.6814, and $0.63, respectively. 

In view of these gratifying figures it may come as a surprise 
that the miles run per gallon of gasoline should show a deelite, 
dropping from 5.07 (in June) to 4.54 (in July), and 4.30” 
August. It should, however, be noted that this decline can 
no way be imputed to the greater or lesser efficiency of the 
mailplanes, or of their engines, because the number of milé 
flown per gallon of gasoline is obviously dependent, to a co 
siderable degree, if not entirely, on weather conditions. There 
fore it may be expected that with the coming of the bad seaso 
the operation of the air mail service will show a further decline 
in the matter of gallon-miles. 

With respect-to the new Standard-Hispano mailplanes, I 
is interesting to note that one of them, No. 6, has made 
best showing in gallon-miles, since the establishment of the alt 
mail service, averaging 6.66 gallon-miles, the best previow 
average, 5.90 gallon-miles, having been established in June bf 
the Curtiss-Hispano mailplane No. 38276. 

Following its usual practice, the Post Office Department does 
not estimate depreciation in this report for lack of convinellg 
data, but this is reflected in the items under repairs, parts 
labor. Items for rent, light, power, etc., miscellaneous; dead 
time of pilots; time of hangar men; shop time of mechanits 
interest on investment; and departmental overhead charg@ 
all of which are not directly apportionable to individual ships 
are pro-rated equally between all of the ships. 
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The French A.R. Type I Biplane 







































































































































agy This machine belongs to the general service class of airplanes The plane struts, which, with the exception of those secured 
vck and was produced by the French Army Aircraft establishment, to the body, are of hollow section, are of stream-line form. In 
he at Chalais-Meudon, to the designs of its director, Colonel order to prevent lateral bending, the outer plane-struts are 
If Dorand. It is designated as A. R., or A. L. D., according to provided with a peculiar bracing. In addition, the middle of 
ter whether it is fitted with a Renault or a Lorraine-Dietrich en- the struts are braced to one another and to the bottom of the 
| : paiiieiietdiaien dae 447301 body struts. The strut fittings are of a very simple type, as 
‘ il ae 420" "pita “ee 7190" shown in one of the illustrations. Strut sockets of sheet steel 
NE ice ' are secured to the spars by U bolts, the two shanks of which 
the > ae kK 7 aN be ie” pass through the spar and are secured by nuts on the other 
nt. — ~~. HOH 3". gan oe side. The flying wires and landing wires are anchored to the 
the we ie NEU. NG corners of these U bolts, while the incidence wires are secured 
eal > to lugs projecting from and forming part of the steel plate 
bottom of the strut sockets. This bottom is simply resting 
inside the socket and is not secured in any other way. ‘ 
be pO Ta The wing bracing consists of solid wires throughout, which 
a0 900 —_—_—_——_Laesem are connected to the fittings and turnbuckles in the usual way 
i by bending them over and sliding a ferrule of spiral wire over 
3 the free end. The flying wires are in duplicate and lie one 
lt behind the other. The space between them is filled with a 
| a strip of wood. The external drift wire running to the nose 
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: of the body is wrapped with thin cord to prevent it becoming 
8] entangled in the propeller in case of breakage. Between the 
Hy 4 A body and the lower plane there is diagonal bracing in the plane 
= 8 | S of each spar. 
a = ; ae Non-balaneed ailerons, positively operated, are hinged direct 
= ¥ 4300 >! to the rear spar of the top plane only. The aileron control 


cables are in the form of simple cables running from the 
if ScaLe DRAWINGS sprocket wheel on the control column, around pulleys in the 
lower plane, along the lower side of the lower plane and under 














: gine. The particular machine under review is marked A. R., another pair of pulleys. From this point on they are in the 
Type I, and the number is 309, and the description was trans- form of solid wires of 2 mm. diameter, running to the aileron 
. lated by Flight from a German contemporary. erank levers, which are in the form of quadrants.. The upper 
" The machine is a two-strutter biplane of 13.30 m. span, and cranks of the ailerons are connected by cables and wires run- 
: has its body supported between the planes on ash struts. ning across from side to side, along the upper surface of the 
’ de and dihedral angle are only present in the lower top plane. 
: plane. The former amounts to 1 deg., while the dihedral angle At the stern of the body is fixed a small horizontal fin to 
! is 2 deg. The top planc is staggered backward 0.5 m. The gap which is pivoted the balanced trapezoidal elevator. The rudder 
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. — and 2 m. respectively ; that is to say, in the center it is also balanced. The rudder post is braced to the elevator, 
’ s 0. 45 of the chord. The angle of incidence of the upper and this in turn to the body, by stream-line steel tube struts. 
plane is 2.5 deg., that of the lower plane 3 deg. The ends of these struts are flattened out and bolted to the 
; on halves of the wings are screwed together in the center various fittings. There is no vertical fin. The rudder is con- 
é machine. The wing spars appear to be of I section, trolled by plain wires of 2.5 mm. diameter. Only where they 
oad 21 auth sides with three-ply. Between every two ribs, pass over pulleys have cables been substituted for the wires. 
fon SS gala 300 to 340 mm., is a short false rib on the The undercarriage struts are secured to the spars of the 
i sg only, running from the leading edge to the front lower plane at the points where occur the attachments for the 
par. The wing fabric, which is of a cream color, is sewn to struts running to the body. The short body struts are braced 
the ribs. In front of the trailing edge, which is formed by a_ by stream-line tubes fore and aft to the body. The one-piece 
Wire, as in all French machines, eyelets are incorporated. axle rests between two cross struts of steel tube. The travel 
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of the axle is not restricted. The undercarriage is braced 
diagonally in the plane of both pairs of struts. 

The longitudinals and struts of the body, which is fabric 
covered, are made of ash up to the observer’s seat. From there 
they are made of spruce. The struts of the rear portion of 
the body rest on the longitudinals without any attachment, and 
are held in place by the bracing only. To prevent them from 
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a three-way cock, as well as the trimming gear for the elevator 
On the left are the levers for advancing or retarding the igni. 
tion, the gasoline and air levers, the radiator shutter contr 
and the oil cock. In the floor of the body, in front of the 
rudder bar, there are small windows. 

In the observer’s cockpit there are two folding seats, one jp 
front and one at the rear. In front, behind the gasoline tank, 
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sliding along the longitudinals the ends of the struts are 
notched to correspond with the shape of the wiring lugs, which 
surround the longitudinals. 

The 8-cylinder, Vee-type Renault develops, according to a 
plate in the pilot’s cockpit, 190 hp. at 1550 to 1600 r.p.m. The 
radiator is placed between the body and the lower plane. There 
is a shutter arrangement for varying the cooling. A water 
collector or tank is placed above the port row of cylinders. The 
exhaust gases are carried outward to each side through short 
collectors. With the older, the exhaust from both rows of 
cylinders was carried inward to a common collector carrying 
it up above the top plane, an arrangement which greatly ham 
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N SIDE ELEVATION AND PLAN 

there are on each side racks for four bombs. Between these 
racks, through an opening in the floor, the photographie 
camera can be inserted. A shelf for plate holders is placed 
behind the port bomb racks. 

The pilot is armed with a fixed machine gun, placed on the 
right-hand side above the body, and is operated from the 
left cam shaft. Firing is accomplished by Bowden control 
from the control wheel. The observer has two movable machine 
guns, coupled together and mounted on a gun ring with elevat- 
ing arrangements. 

The weight of the machine, empty, was ascertained to be 
890 kg. An inscription on the rudder states that the weight 





pered the view of the pilot. In these machines the radiator of the fuel is 140 kg., and that the useful load is 300 kg. This 
——. an ar a Sr ce ’ . 
rs > a © t = See — 
4| 8 ? 8 ° e * ° \ pe ° + .. e 
= —__—_—_ - Y Y eo y | u + § 8 <. re ~ S » 3? sr. 2 a 
> > . 7 oe 5 3 oe < = Ol iN, Ny . 
= x : ——- = > i ‘ I ——~F t A , , u : 0->< 15>; 
e<50>+<50 >< --100-><- 100-1 —100- >< ~100- >< -100-><- 100- ~< —190- >< — 100- >+~ - 100- ><-—100->~<-100- ><--100 100-><-100-->« - 100-><- 100->«<—100-> i 
115'25 25 252525 825 es —_--— 
ee e—- ——- —__- —__-— 900 -- 32 —> 
—— 2025 _- 


SECTION OF AER 


was in the nose of the body. An auxiliary radiator was placed 
below the body. 

The engine is bolted to two channel section bearers, 
which rest on strong sheet steel cradles. Immediately behind 
the engine is placed transversely the oil tank, which has a 
capacity of 7 liters. The main gasoline tank, which has a 
capacity of 170 liters, is divided into three compartments, and 
is placed behind the pilot’s seat. From here the gasoline is 
pumped into a small gravity tank holding 12 liters and placed 
behind the engine. For this is employed either a pump driven 
by the engine or a hand pump to the right of the pilot. If too 
much gasoline is pumped through it is returned to the main 
tank via an overflow. 

On the instrument board in front of the pilot are the follow- 
ing instruments: A cooling water thermometer, ignition con- 
trol, compass, petrol cock and revolutions indicator. To the 
right, at the side of the seat, is the gasoline hand pump with 
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gives a total weight of 1330 kg. As the area is 50.36 sq. m, 
the wind loading is 1330:50.36 = 26.40 kg./sq. m. The power 
loading is 1330: 190.36 = 7.0 kg. /hp. 

The chief aim of the designer appears to have been to pre 
vide a light machine with low wing loading. The construct 
of the details such as fittings, wiring, lugs, ete., has therefore 
been kept very light and simple. ; 

Item Weights—Engine, 245 kg.; cooling water, 25 kg.; af 
screw, 22 kg.; one fuel main tank, 22.5 kg.; one fuel gravity 
tank, 2 kg.; one oil tank, 2 kg.; engine accessories, exha 
collector, body, ete., 244.5 kg.; under-carriage, 60 kg.; controls, 
6 kg.; wings, 234.5 kg.; bracing, 26.5 kg.; weight, empty, 
kg.; total weight, 1330 kg. 

Loads—Pilot and observer, 150 kg.; armament, 75 kg.; fout 
bombs at 12 kg., 48 kg.; wireless and camera, 27 kg.; 182 lites 
gasoline and 7 liters oil, 140 kg.; total, 440 kg. 

Weight of Wings—4.65 kg./sq. m. 
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Stresses in Airplane Ribs’ 


Transverse Testing Under Non-Uniformly Distributed 
Load with Special Application to Airplane Wing Ribs 


By Irving H. Cowdrey 


The work of the testing engineer is very largely that of 
qualitative determinations. A glance through the standards 
formulated and adopted by this Society will bear out this state- 
ment to the fullest. While it is true that certain specific 
methods of test have been devised and standardized with an 
attempt at reproducing in the laboratory the conditions ex- 
isting in practice, these instances are comparatively rare. 

That tests are continually made on specimens which in no 
wise resemble the form or size of the members appearing in the 
finished structure is not to be offered as an argument in any 
sense derogatory to the value of the results obtained. When- 
ever the structure is of such form and the loads of such a 
nature that the stresses in each member are determinate, 
specimens of the usual laboratory form may, with all propriety, 
be tested and the results used to determine the fitness of the 
material under consideration for the purpose intended. 

There are, however, many types of structures in which the 
stress distribution between the various members and parts is 
very difficult or impossible to determine with the present engi- 
neering knowledge. Again, even though the load applied to 
the individual member may be known with a fair degree of 
accuracy, it is possible that the form or construction of the 
member itself may be such that the variations of stress through 
its different parts may not yield itself to the usual methods of 
calculation. 

To this latter class belong many of the members entering 
into the construction of the frame of the airplane. Many 
experiments have been made to determine the forces acting on 
its aerofoils aid other surfaces. Hence if the craft or any of 
its parts could be considered as a body of even approximate 
rigidity the stresses set up in most of its members could be 
caleulated with some degree of precision. Morever, if its parts 
were fabricated from a material that obeyed perfectly the laws 
of elasticity and whose modulus of elasticity was known and 
constant, the stresses could be determined according to the 
methods common to the theory of elasticity. Such is, how- 
ever, not the case. The structure is largely of wood, selected 
and seasoned it is true, yet possessing much of the variability 
of this material. Again the fittings, and types of attachment, 
the stays and adjusting devices are all of such a nature that 
exact calculations are difficult if not impossible. The secondary 
stresses induced in such a frame are a matter of very doubt- 
ful speculation. 

This condition has lead to some attempts to test certain of 
the completed portions of the craft. The results have doubt- 
less been instructive in some instances, but the writer feels that 
many of the tests made prior to the last year have been of very 
doubtful value. About a year ago it was suggested to the 
writer by Mr. Alexander Klemin, now connected with the 
U. S$. Signal Corps, that some tests should be made to de- 
termine the relative values of certain methods of airplane wing 
rib construction. The problem seemed of such scientific, engi- 
neering, and timely interest that the matter was taken under 
careful consideration. In the development of the method 
deseribed later in this paper, much very valuable assistance 
was rendered by Prof. Harrison W. Hayward and Mr. Ralph 
G. Adams, colleagues of the writer in the Testing Materials 
Laboratory of the Massachusetts Institute of Technology, 
where the tests were conducted. 

Such tests as had been made up to that time, so far as the 
writer and his colleagues were aware, had been quite absurd. 
A few futile attempts had been made to obtain the strength 
of ribs by supporting at two points and loading with a single 
central load. The absurdity of such tests must be perfectly 
apparent to anyone familiar with airplane construction and 
the type of load to which these ribs are subjected. In any 
test it must ever be kept clearly in mind that the value of the 
results depends not only upon accuracy of observations, but 
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equally upon the ability of the experimenter to reproduce in 
the laboratory conditions which are, as nearly as may be, 
identical with those to which the member under investigation 
will be subjected in practice. 


The Problem 


The acceptance of the above premise necessitates, before 
all, the consideration of the manner in which the member is 
attached to the remainder of the wing frame, and the de- 
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termination of the actual distribution of load to which it is 
subjected during flight. 

The member itself is of great frailty, a rib five feet long 
weighing but nine ounces. This at the start introduces an ele- 
ment of somewhat unpleasant complication. To apply to such 
a member, whose transverse dimension is about one-half inch, 
a load which shall approxi- 
mate in any degree that 
produced by wind pres- 
sure against a canvas 
covering offers some 
very interesting problems. 
Moreover this load is not 
only distributed but dis- 
tributed non-uniform- 
ly. The problem to be 
solved seemed after some 
consideration to divide it- 
self into the following 
heads which will appear 
in the same order in the 
subsequent discussion : 

1. Methods of support 
or suspension ; 

2. The distribution of 
load ; 

3. Application of load 
with the proper distribu- 
tion ; 

4. Accurate measure of 
the load; and 

5. Determination of the 














Fig. 2—Dertai or LOADING 
DEVICE 


distortion of the member, under test. 

1. The Method of Support or Suspension—In the com- 
pleted wing, the ribs are connected by one or more continuous 
spars, passing from tip to tip of the wing. This affords secure 
lateral fastening at these points. To duplicate such a condi- 
tion, the ribs were cut from a group or so fabricated as to 
leave in place a piece of spar about one inch thick. 

This spar section may be seen at A, Fig. 2.. In the cases 
furnishing data for this paper the two-spar suspension was 
used. To each of these spar sections was fastened a pair of 
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steel plates 4-in. thick, each plate having in its center a 3-in. 
hole. The fastening was accomplished by means of four 1%-in. 
steel studs having a nut on each end. These studs appear at 
A, Fig. 3, and the hole for one of them may be seen at /, Fig. 
2. With these plates in place a 5-16-in. hole was bored through 
the wood to line as nearly as possible with the 3-in. hole in 
the steel (see 2, Fig. 2). The holes in the wood were then 
reamed so that a 3-in. bolt with a finished shank could be just 
foreed through by hand pressure. These 3-in. bolts served 
then as the points of suspension and from them straps (B, 
Fig. 3) were carried to the maple plank C, Fig. 3, which in 
turn was suspended from a pair of chain falls. The suspension 
bolts were set up as tightly as possibe without producing 
clamping action between the suspension straps and the side 
plates on the rib. 
This was to afford 
as much lateral sup- 
port as possible 
without interference 
with freedom of 
vertical defleec- 
tion under load.' 

2. The Distribu- 
tion of Load.—The 
very nature of the 
purpose of the air- 
plane wings indi- 
eates a distributed 
load. The exact dis- 
tribution was not in- 
vestigated by the 
writer. Many ex- 
periments have been 
earried out to de- 
termine the intensity 
of pressure on the 
various parts of 
aerofoils under fly- 
ing conditions. It is 
not the purpose of 
this diseussion to 
comment upon the 
results that have been thus obtained. It is assumed that 
the diagram for the distribution of load on a rib is such as 
is indicated in the work by G. Eiffel, entitled “ La Résistance 
de l’Air et L’Aviation,” and reproduced in the translation of 
the above by J. C. Hunsacker. These load diagrams show that 
the distribution varies under the varying conditions of flight, 
both in general outline and in the position of maximum in- 
tensity. Under such circumstances a representative load dia- 
gram must be arbitrarily chosen. For the purpose of these 
tests it was assumed that a straight-line diagram would be a 
satisfactory approximation. Moreover, it was assumed that 
the point of maximum intensity could reasonably be assumed 
at a distance of one-fifth the chord length from the leading 
edge of the wing.’ (Shaded area, Fig. 1.) 

Such a distribution, as well as the general dimensions of 
the members, precluded the possibility of anything in the line 
of sand or hydraulic cushioning. Hence, a truly distributed 
load seemed impossible. With the member under test the 
total length was 60 in. A load, more or less concentrated, 
applied at each 4-in. interval giving 14 points of loading, could 
be presumed to give a fair approximation to the distributed 
load desired, provided these individual loads be properly pro- 
portioned. 

There have been some experiments made within a very few 
months in which but eight loading points have been used. To 
the writer this number seems entirely too small. The common 
methods of construction provide for the entire removal of the 
web of the rib at frequent intervals. A reference to Fig. 3 will 
show the extent of such removal in the type of rib under test. 
The portions of the rib over one of these spaces act like sec- 
ondary beams under load. A number of loading points less 





1The method of suspension here used does not perfectly duplicate 
the supporting of the ribs in the frame of the wing. The attachment 
of the Teenage to the spars is such that twisting of the spar at these 
points is prevented to a large degree. Actual conditions would then, 
possibly, be more accurately reproduced if the strans B, Fig. 3. were 
clamped to the spar section in place of the intermediate side plates at 


2? Some tests have been made by various experimenters since those 
here described in which the point of maximum load intensity is further 
from the leading edge. In some of the design calculations this point 
is taken at mid-chord instead of as indicated above. 
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than was used in the tests under consideration produces, in the 
writer’s opinion, very serious effects on the stress distribution 
throughout the rib. It would seem that the number of loadj 
points should be greater than those used in this case rather 
than less. 

Using the number of loads noted above, the problem of 
proper proportionment was attacked as follows: The load 
diagram for a total load of 150 lb. is divided into 14 parts 
(see Fig. 1). The ends are triangles with bases each 6 in. long, 
The remaining divisions then take the form of trapezoids, 
with the exception of division 3. Each division has a 4jp, 
base. Each of these areas then represents the load distribution 
desired over a length bounded by its extreme ordinates. The 
computed resultant for each of these areas appears below: 


Load No. Load, Lb, 
We ccheass «s.ct 15 
Boece eee eeeens ist 
ee 
) Se 16.7 
. Serer 15.0 
Bcc eseeces - 133 
8. . Ee 
9. - 100 

Se 83 

A rer 6.7 

7: pcan ian, ax ab calla 5.0 

gerbes 13 


The application of 
concentrated  forees 
according to the 
above schedule then 
should give a load- 
ing quite compara- 
ble with that indi- 
cated by the 
straight-line dia- 
gram. Theoretically, 
these fourteen con- 
centrated forces 
should be applied at 
the centers of gray- 
ity of the respective 
areas. This has been 
done for numbers 1 
and 14. In the other instances it has been assumed that the 
middle ordinate is sufficiently near to the center of gravity. 
This introduces an error of from 0.03 to 0.17 in. in the location 
of these resultants. In the case of the larger central forces this 
error in location is least. These resultant forces are shown 
as solid lines in Fig. 1. To aid in a comparison to be made 
later their ends having been joined by a solid line. 

3. The Application of Load with Proper Distribution —The 
problem now resolves itself into one of the simultaneous ap- 
plication of fourteen different loads. Not only must the appli- 
eation be simultaneous, but the rate of increase in the ap- 
plication of each load must be such that under any total load 
whatever the relation between the various forces must be the 
same as the relation shown in the above tabulation. If the 
problem were solely that of applying the loads without the 
complication of absolute adherence to the maintenance of 
this relation, the solution would be quite simple. The familiar 
expedient of pouring shot or sand into a bucket would suffiee. 
But to make a device to deliver sand or shot simultaneously 
into a large number of buckets, and into each at a different 
and definitely predetermined rate seems scarcely practicable. 
Again, if the number of loading points were made a power 
of two, and perhaps limited to eight in number, some modifica- 
tion of the scheme so commonly used in multiple-point loading 
of large beams could be arranged. This method is quite com- 
plicated with 8-point loading and becomes doubly complica 
with 16-point loading, which is the next step in such a meth 
With all this in mind, careful consideration led to a complete 
diseard of all such methods and the final adaptation of what 


the writer believes to be a new departure in load application. 


It was felt that the most satisfactory solution of the problem 
could be reached by the application of load through a seré 
of rubber bands of uniform properties whose widths sho 
be made directly proportional to the load each band was & 
pected to apply. These bands were obtained by cutting 8 
tions from a motoreyele inner tube. The particular tube 
was of red rubber for a 28 by 3-in. tire. 

With such an ideal series of bands, let one end of each 
fastened to a rigid support, such as E, Figs. 2 and 3, and 
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other properly attached to the rib under test. The suspension 
of the rib as already described will permit it to be raised while 
a level (D, Fig. 3) enables a proper horizontal alignment of 
the supports. Under such conditions, neglecting the deflection 
of the rib itself, the fourteen loads will be applied at the pre- 
determined points and with exactly the predetermined distribu- 
tion. . 

In the device as illustrated by Figs. 2 and 3 the attachment 
of the bands is as follows: 

Into the timber EF are screwed at K heavy screw eyes of a 
size proper to take a %4-in. stove bolt. Each pair of eyes are 
so spaced transversely on the timber that they permit on the 
bolt, between their inside faces, a pair of washers between 
which is a thin brass tube of a length equal to the width of the 


Points of Load Application. 
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rubber band, R, which is to be used at that particular loading 
point. This gives the rigid fastening for one end of the band. 
Two 4%-in. hard brass wires, G, with a soldered eye (L, Fig. 2) 
in the lower end of each, H, and threaded at the upper end, 
pass through a small wooden block at F. On the upper side 
of F washers and nuts (N, Fig. 2) afford a ready means of 
adjustment of the length of this stirrup-shaped device. A 
stove bolt with tube and washers (O, Fig. 2) passes through 
the eyes of the wire rods. Such device affords a proper means 
of attachment between the upper end of the rubber band and 
the member under test. The proper adjustment of these 
stirrups will be discussed under “ Notes, Suggestions and Pre- 
cautions.” 

4. Accurate Measurement of the Load.—As will be readily 
seen from Fig. 3, the heavy timber FE (in this particular test a 
6 by 6-in. hard pine stick weighing about one hundred pounds) 
rests on platform scales, S. On each end of this timber are 
three 50-lb. weights W. With no tension in the bands R, the 
tare weight of the timber and weights is read on the scales. 
The plank C is raised and maintained level, thus stretching the 
bands and hence applying to the rib, loads according to the 
predetermined schedule. The summation of these fourteen 
loads may be obtained at any instant by balancing the beam 
of the scales and noting the difference between the reading 
obtained and the original tare weight. The accuracy of this 
determination depends solely upon the aceuracy of the scales. 
This should usually be within a half pound. 

Seales of the ordinary platform type were used in this 
method of test for two reasons: First, in the opinion of the 
writer a greater precision can be thus obtained than with any 
of the forms of testing machines commonly employed in lab- 
oratory work; second, it was desired to produce a method of 
testing that could be carried out easily by the manufacturer 
and permit and encourage “experimental work on rib design 
by those who are not privileged to have at their disposal a 
Properly equipped laboratory. 

- Determination of the Distortion of the Member under 
Test.—It is believed that the actual strength of a wing rib is 
ut a partial solution of the problem at hand. The writer 
_ not pose as an expert in aerodynamics nor in airplane 
sign, vet to any engineer of analytical turn of mind the 
question of the effect of wing distortion must present itself. If 


the wing surface changes appreciably under conditions of 
flight, does it not seem possible that some of the expectations 
of the designer may fall far short of fulfillment? If the de- 
signer expects so much lift, so much drift, and such a center 
of pressure, what unexpected factor enters into the problem 
through the possibly unforseen distortion of his aerofoil? 
The possible importance of rib distortion would seem to 
make such determination a requisite adjunct to any satisfac- 
tory method of test. However, in view of the fact that many 
variables in the line of material and workmanship enter into 
the fabrication of each rib, it would seem that undue precision 
in the distortion determination is neither necessary nor advisa- 
ble. A precision of 0.01 in. is doubtless satisfactory and such 
precision is possible with the device under consideration. 
Throughout this discussion it is assumed that any distortion 
of the timber E which may occur is of such magnitude as to 
be absolutely negligible. As the plank C is raised the rubber 
bands become elongated. This elongation is measured by 
means of dividers set in center punch marks in the ends of 
the stove bolts, H, K, ete. If there were no distortion of the 
rib, the increment of length of all bands would be the same 
under any given total load. Such is found not to be the ease. 
For the particular test under discussion, these increments of 
length for loads of 50, 100, 150 and 175 Ib., respectively, will 
be found in Table I. In Fig. 4 these increments of length 
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Fic. 5—CA.ispRATION CURVES FOR RuBBER Banps 


have been plotted from arbitrary reference lines not shown. 
Now points 2 and 10 are the points of suspension as well as 
loading points. Hence so far as the rib is concerned these are 
points of zero deflection. 

In each eurve of Fig. 4, straight lines have been passed 
through the intersections of the curve with these two ordinates. 
Such lines serve then as lines of reference from which the 
actual distortion of any part of the rib may be determined for 
the particular load in question. The distortion curves are 
drawn showing the rib in its true position in flight. It will 
be noted that with the load distribution assumed, the particu- 
lar rib under investigation showed a noticeable droop of the 
leading edge with a corresponding up-tilting of the trailing 
edge. Whether this distortion is of a magnitude and nature 
to affect the aerodynamics of the craft in flight is not within 
the province of this discussion. In the interpretation of these 
curves it must be borne in mind that while the ordinates are 
plotted full size, the chord length of the rib is vastly con- 
tracted. 
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TABLE I.—DETAILED 





LOAD INVESTIGATION 
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Checking the Load Distribution—While there was every 
reason to believe that the method of loading described in the 
previous pages would yield a load distribution quite closely in 
accord with that indicated by the diagrams of Fig. 1, still it 
seemed desirable to check the loads as carefully as might be. 
Such a check investigation is described in the following text. 

Each band, after being cut to the proper width, was eali- 
brated to determine the load-elongation relation through and 
somewhat beyond the range expected to be used in the rib test. 
These calibration curves appear in Fig. 5. For convenience in 
use, the increment in length has been plotted as abscissa rather 
than the actual length of the band. It should be noted, how- 
ever, that the original length of the bands varied not over 0.02 
in. The “band number” refers to the position of the band in 
question in the loading scheme (see Figs. 1 and 4). During 
the test, as has been previously noted, readings were made so 
that the increment in length is known for each band at each 
of the four specific loads investigated. 

This increment, by reference to the calibration curves of 
Fig. 5, makes it possible to determine the force applied at 
each of the fourteen loading points. For any given set of 
readings, the sums of the individual forces thus determined 
should, of course, check with the summation as indicated by 
the reading of the seale beam. The closeness of this check 
between the apparent and actual summation is indicated in 
Table I. With the exception of the 50-lb. load investigation 
the discrepancies average about 1 per cent. It is only to be 
expected that the discrepancy for very small loads will be 
large due to the difficulty in making accurate interpolations on 
the calibration curves. 

A detailed comparison has also been made between the com 
puted and applied forces for a total load of 150 lb. Such 
comparison is shown graphically in Fig. 1. The forces as 
determined by the calibration curves have been plotted in the 
figure and the ends of ordinates thus obtained are joined by 
the dotted line. The closeness with which this follows the solid 
line joining the ends of the ordinates representing the desired 
forces would indicate that the method which has been herein 
discussed should prove satisfactory for this type of investiga 
tion. 


Notes, Suggestions and Precautions 


Preliminary Adjustment of Stirrups——It is necessary to 
make a very careful adjustment of each stirrup before attach 
ing the rubber bands, in order that when the plank and rib are 
raised for the application of load, each band shall start 
elongating at the same instant. The most satisfactory of the 
methods tried is as follows: Lower the rib until the lowest 
point of the bottom edge will clear the timber EZ, Fig. 2, by 
some convenient amount. A single bolt should now be passed 
through the eyes in the timber EF and through the eyes of the 
corresponding stirrup. By means of the adjusting nuts F, 
the stirrup may be brought to the proper length. When each 
stirrup has been thus adjusted, the level D should be set by 
means of the slotted end fastenings, so that the bubble will 
be in the center of the glass. 

With all the above precautions observed, the stirrups may 
be released from their companion eyes, the rib and attachments 
raised and the rubber bands put in place. 























| | 

| Load by Scales, 50 Ib. Load by Scales, 100 Ib. Load by Scales, 150 lb. Load by Scales, 175 Ib. 
C) Initial | j ee en ee) ors 3 
4 | Reading, Increase Force | Increase | Force | Increase Force Increase Force | 4 
z in. Length, in from Length, in from Length, in | _ from Length, in from A] 
3 in. Length, Curves, in. | Length, Curves, | in. Length, | Curves, in. Length, Curves, i 
= in. lb. in. Ib. | in. lb. in. lb. 
1 2.47 2.87 | 0.40 3.4 3.45 0.98 6.2 4.36 1.89 9.1 4.96 2.49 10.7 1 
2 2.50 2.88 0.38 4.4 3.50 1.00 8.7 4.34 1.84 12.5 4.96 2.46 14.7 2 
3 [a-. | nae lU6tlUOR 5.7 3.39 0.92 12.5 4.23 1.76 19.1 4.81 2.34 22.7 3 
4 2.47 | 2.80 0.33 5.2 3.37 0.90 11.5 4.20 1.73 17.7 4.75 2.28 20.7 4 
5 2.47 | 2.80 0.33 4.8 3.35 0.88 10.4 4.17 1.70 15.9 4.73 2.26 18.8 5 
6 2.53 | 2.84 0.31 4.1 3.41 0.88 9.3 4.22 1.69 13.9 | 4.76 2.23 17.5 6 
7 —— to | Cs | 8.2 3.41 0.87 8.1 4/21 1.67 12.2 4.79 2.25 14.6 | 7 
8 2.53 | 2.84 0.31 3.5 3.46 0.93 7.6 4.29 1.76 11.1 | 4.87 2.34 13.2 8 
9 2.52 | 2.86 0.34 3.3 3.50 0.98 6.8 4.37 1.85 9.8 4.98 2.46 11.7 9 
10 2.52 2.88 0.36 | 2.9 3.52 1.00 5.7 4.40 1.88 8.5 | 4.99 2.47 10.0 | 19 
11 Ss eee * 0.34 1.9 3.51 0.98 4.3 4.37 1.84 6.4 | 4.99 2.46 7.6 ll 
12 2.55 | 2.89 0.34 1.5 3.55 1.00 3.5 4.40 1.85 5.3 | 5.00 2.45 6.3 | 12 
13 2.58 | 2.93 0.35 1.3 3.58 1.00 2.7 4.44 1.86 4.1 | 5.03 2.45 4.8 113 
14 2.52 | 2.85 0.33 0.7 3.51 0.99 1.9 4.38 1.86 3.7 4.96 | 2.44 3.2 14 

| | — — —— | —_— 

Sum 46.4 99.2 148.3 176.5 

Discrepancy —7.2% — 0.8% — 1.1% + 0.9% 








The Rubber Bands.—The tube from which these bands were 
eut was of uniform thickness throughout. This uniformity is 
very convenient, since less care is necessary in adjusting the 
bands than would be requisite if the thickness varied as is the 
ease with some types of tubes. It is believed that in cutting 
bands from a tube, as was done in this investigation, the width 
may be obtained accurately to about 0.01 in. In choosing the 
seale of width there are two antagonistic conditions to be con- 
sidered : 

1. It is desirable that the length increment of the band 
under load should be large compared with the deflection of 
the member under test so as to minimize the error in loading 
due to the variation in length inerement of the various bands. 

2. The maximum load applied by any band should probably 
not exeeed one-fifth the strength of the band. This would 
be somewhat dependent upon the quality and resiliency of the 
material used. 

The bands ued in this test were of material showing 8 
strength of about 125 lb. per inch of width when tested as a 
band. The elongation at fracture was about 1000 per cent. 

It would seem feasible to substitute for bands eut to a pre 
determined width as in this case, some of the better grades 
of para rubber bands, which may be purchased in definite 
sizes. Combinations of such bands could be used in paralled 


TABLE II.—CALIBRATION OF RUBBER BANDS 
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Length Load, Ib. 
Band No. Increment, . SD ie es Te | Variation, Ib. 
in. | 
October April | 
et 1. ae 40.2 
. 9.3 9.4 40.1 
11.8 12.0 +0.2 
. 14.1 14.6 - ny 
Aver.. ° 
13.1 | 13.6 40.5 
: 20.6 20.8 +0.2 
26.3 26.6 12 
= 31.6 32.2 ; 
Aver.. +0. 
I 11.4 11.5 +0.1 
2 17.4 17.4 0.0 
. 22.0 22.2 +0.2 
| Aver.. e 
8.8 8.8 0.0 
7 ‘ 13.4 | 13.4 0.0 
17.1 17.2 #01 
; 20.! 21.0 
‘id - Aver.. +0.08 
6.7 6.5 -0.2 
9 . 10.1 9.9 -0.2 
3 12.9 12.8 63 
4 15.6 15.6 | ; 0.0, 
* Aver..~v: 
1 4.3 4.4 +0.1 
2 4 6.8 6.6 03 
8.4 8.5 + 7 
4 10.3 10.2 : 1 
| Aver..-¥. 
, 2.9 | 2.7 “03 
re 4.3 4.3 
: 5.4 5.5 + 
; oi so Aver.. 0.00 
— ee —<—<—— 





























Cams and Camshaft—Both the inlet and exhaust cams are 
of the same profile, although the valve lift is slightly greater 
for the exhaust valves, a difference which is due to the unequal 
tappet clearances. Details of the cam design are given in Fig. 
11. The cams are made in pairs, machined from solid forg- 
ings. Each pair of inlet or exhaust cams is fitted to the cam- 


The 300 Horsepower Maybach Engine’ 


in plain phosphor-bronze bushes let into the top half of the 
crank chamber, and helical oil grooves are cut in the face of 
the bearing journals on the camshaft. Each cam block is also 
fixed in position in the camshaft by one 5 mm. set screw, which 
prevents the cam from moving laterally in the keyways. 

The five bronze bushes forming the camshaft bearings are 


Crankshaft degrees 





~~ Ba 
wo 1\| Aa 
5 a ' \ of — 
60 2 
70, \ 
x z 
90 a 
100 a 
nf » 
ed RY 
4 hy . 
mn“ Wie: 
130/ : ¢ = 
/ Lis mid, O. q\ 
SN 
MS 
oO 
hveg 


res 
Le 
Les 


















i 


— / | 
270% fp F | 
ax / 

“x NL / | | 
a eeee 
i‘ 30 ~_/ / S 
320 35 = 
Fig. 11. 


shaft separately. Each camshaft is provided with three key- 
ways, which are machined along the whole length of the shaft. 
The cam blocks are made with three keys cut inside the hole 
which is bored in the cam blocks, the keys being solid with the 
cam. The cam blocks are also fixed to the camshaft by taper 
pins to prevent lateral movement. The central portion of each 
cam block between each pair of cams is machined to a diameter 
of 49 mm. < 16 mm. in width. These portions of the cam 
blocks form the journals of the eamshaft bearings. They run 


* Continued from last issue. 
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pressed into the crankshaft bearing webs of the crank cham- 
ber; the front and rear camshaft bearings are fitted with a 
flange, and are detachable; they are twice the width of the 
other three on account of the camshaft driving gears which are 
fitted on the front end of the camshafts, and the magneto driv- 
ing gears, which are fitted to the rear ends of the camshafts. 
Crankshaft—Details of the design of the crankshaft are 
given in the dimensioned drawing in Fig. 12. The crankshaft 
runs in seven plain bearings lined with anti-friction metal of 
the usual formation. All the journals are 66 mm. in diameter. 
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Fig. 12. 
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DETAILS OF CRANKSHAFT 






























The diameter of the crankpins is also 66 mm. The erank- 
webs are all of the same section, being 23 mm. in thickness and 
95 mm. in width across the face. All the journals are bored 
36 mm. diameter. The crankpins are bored 39 mm. diameter, 
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Fig. 13. Derarts or AirscREwW Hus ANpD TuHRusT RAcE 


the ends of the holes being plugged with the centrifugal oil 
scoops characteristic to the Maybach engine. (Details of these 
are dealt with later in the notes on lubrication.) The rear end 
of the crankshaft carries the extension shaft, on which is 
mounted the wireless dynamo driving pulley, which embodies 
a friction clutch. This design of wireless pulley is a standard 
German engine fitting; full details of its design and construc- 
tion have already been issued in previous reports. 

The extension shaft referred to above is a driving fit in the 
rear end of the crankshaft, which is bored 42 mm.; the exten- 
sion shaft is locked by a 7 mm. taper pin. Two centrifugal oil 
thrower rings are machined on the extension shaft. 

















Fig. 14. Top Haur or CRANKCASE 


The main driving bevel gear is fixed to the rear end of the 
erankshaft by a key 8 mm. wide X 5.5 mm. deep, half sunk in 
the shaft. 

An interesting point in the design of the crankshaft is found 
in the method of fixing the flange to which the airserew hub is 
bolted. The construction is clearly shown in the sectional ar 
rangement of the airserew hub in Fig. 13, from which it will 
be seen that a slight taper, 1 in 33.3 mm., is machined on the 

















Fig. 15. Insmwe View or CRANKCASE, Top HALF, SHOWN 
Upsipe Down 


front end of the crankshaft, on to which the airscrew hub 
flange is very tightly driven. No key is fitted to the taper, buf 
a grub screw 10 mm. diameter is screwed into the front end 
of the flange, the hole being drilled half in the flange and half 
in the crankshaft. 

The grub serew is locked by the flanged head of a large plug 
40 mm. diameter, which is screwed into the hollow front end 
of the crankshaft. This flange, to which the airserew hub is 
secured by eight 14 mm. bolts with countersunk heads, is 
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mounted on a large single race ball-bearing, 132 mm. outside 
diameter, behind which is fitted the double thrust ball race, 108 
mm. diameter on the ball center diameter. 

_ On the front portion of this airserew hub carrying flange 
is mounted a double oil thrower ring, which is driven on to the 
outer diameter of a split collar or bush as shown in Fig, 13, 
The driving gear for the camshafts is machined on this air. 
screw hub flange; the teeth of the gear are integral with the 
flange, hence the splitting of the bush which carries the double 
oil thrower rings. 

Airserew Hub—The general details of the construction of 
the airscrew hub are given in Fig. 13. Eight 15 mm. bolts are 
used to bolt the front flange to the two rear airscrew hyb 
flanges, and the airscrew is secured by castellated nuts in the 
usual manner. The surface of the airscrew hub and flanges 
is galvanized with deposited tin to prevent corrosion. The 
front flange floats on the airserew hub in four castellations, 
17 mm. wide X 3 mm. deep. The total weight of the complete 











Fig. 16. View or Base CHAMBER, SHOWING O11 PUMps 


airsecrew hub, with all belts, less extension flange on end of 
crankshaft 22 Ib. 

Crank Chamber—The photographs, Figs. 14 and 15, show 
clearly in perspective the general formation of the cast alumi- 
num base chamber. Unlike most of the enemy aero engines, 
the bottom halves of the crankshaft main bearings are bolted 
to the top half of the crank chamber. These are very deep in 
section, and are secured to the crank chamber by 19 mm 
diameter bolts, which pass through the crank chamber, and are 
also used to bolt down the eylinders by means of triangular 
clamps, now almost standard practice. Flanges are machined 
at the top end of the holding-down bolts, which are let into 
recesses cut in the top face of the crankease. The front main 
bearing cap also carries below the intermediate gear pinion for 
driving the oil pumps as shown in the general arrangement of 
the engine. Cast aluminum covers 
are bolted to the front and rear ends 
of the erankease for enclosing the 
eamshaft driving gears at the front 
end, and for the magneto and inter- 
rupter gears at the rear end of the 
engine. 

Base Chamber—The general con- 
struction of the lower half of the 
erank chamber is shown in Fig. 16. 
It presents several points of interest- 
ing design, and is of simple construe- 
tion, weighing 41.32 lb. bare. At the 
rear end of the flange, which is bolted 
to the top half of the crank chamber 
in the usual way, extended brackets 
are cast for taking the two magnetos, 
and, as will be seen in Fig. 16, the 
three gear type oil pumps are situ- 
ated on seatings cast on the bottom 
of the inside of the base chamber. 

The small detachable oil sumps are 
fixed to flanges cast on the underside 
of the base, one at each end. 

Crankease Ventilation—As in 
Zeppelin-Maybach engines, the effi- 
cient ventilation of the crankease has 
received careful consideration. The design is, in fact, vey 
similar in both types of engine. On the induction side of 
engine six breathers are fitted; these are constructed of faitiy 
coarse brass wire-gage baffles mounted in sheet alummul 
breathers, which are attached to short steel tubular connectill§ 
lugs screwed into the crankease, and are fixed in position 
steel wire clips. Details of the construction of these breathe® 
is shown in sketch Fig. 17. 
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On the exhaust side of the engine a peculiar type of ventila- 
tor is fitted. This consists of a sheet aluminum manifold, which 
ig connected by six short rubber joints to the crank chamber. 
The top portion of the ventilator manifold is so made as to 
form an oil trap for the condensed vapor. This consists of 
an elliptical section pipe, which leads from the top of the 
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described, is as follows :—Oil is delivered from the separate oil 
tank by the pressure oil pump, which is the rearmost pump of 
the two at the rear of the sump, and forces oil under pressure 
to the crankshaft journal bearings through an external oil 
main, which runs the whole length of the crankease on the 
induction side, as shown in Fig. 19. 
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Fig. 18. Luprication DiaGramM, ALSO SHOWING GASOLINE 


chamber formed in the ventilator manifold to a cowl which 
projects backward from the outside of the engine cowling in 
the machine. 

Iubrication—Several details of the lubrication system have 
been eompletely redesigned in the new Maybach engines. The 
former single oil pump, which was of the plunger type, has 
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Fig. 19. Om Mary anp Orn FIvrers 

now been replaced by three separate oil pumps of the gear 
type. These, as shown in Fig. 16, are fitted in the bottom of 
the base chamber. The main oil pressure pump is at the rear 
end, while the two scavenger pumps are situated one at each 
end of the base chamber. 

The general principle of the lubrication system is here 
clearly shown in the special diagrammatic drawing, Fig. 18, 
which is to a great extent self-explanatory. 

In this diagram the lubrication system is shown with all the 
oil pipes and oil-ways marked in black. The system, briefly 
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SySTEM AND WATER CIRCULATION 


From this main oil pipe oil is foreed to the journal bear- 
ings through oil ways drilled diagonally in the crank chamber 
casting through the transverse webs which support the hous- 
ings of the journal bearings; these are lubricated by a wide 
helical oil groove cut in the bearing white metal. For the 
lubrication of the erank-pins and the connecting rod small- 






Fig. 20. OnE or THE Or Scoops ATTACHED TO THE SIDES OF 
THE CRANK WEBS FOR CONVEYING OIL TO THE CRANK PINS 


end bearings, the well-known Maybach system of centrifugal 
pressure lubrication is adhered to. In this system the oil, 
which is forced out through the ends of the journal bearings, 
is collected by the oil scoops, which are bolted to the outer 
sides of each crank-webs, as shown in the view of the crank- 
shaft (Fig. 12). 

By centrifugal action the oil is forced up the outer surface 
of each erank-web and led through a channel into the hollow 
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crank-pins, thence through a small hole bored radially in each 
erank-pin to the connecting rod big end bearings. From the 
big end bearings the oil is forced upward to the small end bear- 
ings, with their floating gudgeon pin bushes of cast-iron, 
through the steel pipe fixed in the center of the connecting rods. 
Fig. 20 is a detail sketch of one of the aluminum oil scoops, 
which are bolted in pairs to the crank-webs by a bolt which 
passes through the center of the end crankpin. 

From the front end of the main oil pipe a steel pipe is con- 
nected by a union, which leads to a hole drilled in the crank- 
case casting, and serves to lubricate the bearings of the cam- 
shaft intermediate gears. A restricting plug is fitted into the 
end of this oil lead, and a similar restriction is provided in the 
end of the main oil lead back into the crank chamber, as shown 
in the lubrication diagram. 

A check valve, it will be noticed, is fitted in the main oil 
supply system. This check valve, together with a small spring- 
loaded pressure relief valve, is situated inside a small detach- 
able valve chamber, which is attached to the bottom of the 
erank chamber just beneath the main oil pump. It will be 
noticed in the lubrication diagram that the excess oil pressure 
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Fig. 21. 


Top Haur or CRANKCASE, SHOWING JOURNAL 
BEARINGS AND O11 PASSAGES 


is delivered back into the oil pipe on the supply side of the 
pump. An oil pressure gage is connected to the main oil lead, 
as shown, and small oil pipes are also taken from the main 
pressure pipe to the small crank chamber of the gasoline pump, 
and also to the water pump driving spindle. 

The two seavenger oil pumps, situated one at either end of 
the base chamber, are designed so as to draw off the return 
oil which collects in the small detachable oil sumps in the bot- 
tom of the oil base, and to return it to the tank from either 
end. 

These scavenger pumps are connected together by a steel 
pipe, 21 mm. diameter, the ends of which are coupled to the 
suction ports of the two gear oil pumps. This inter-connection 
of the two pumps, to a certain extent, balances the oil return 
to the tank from the front and rear ends of the oil base, 
enabling both scavenger pumps to operate at any angle of the 
engine. 

A small quantity of oil is always carried in the oil base, as 
shown in the lubrication diagram. The camshafts, tappets and 
cylinder walls are splash lubricated by the surplus oil thrown 
off the crankshaft and oil scoops; and the camshaft and mag- 
neto gears are lubricated through oil ways cut in the camshaft 
bearings at either end. Baffle plates are fitted below the cylin- 
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ders in the recesses machined in the top face of the crank 
chamber, as shown in Fig. 21. 

Constructional Details of Oil Pump—No provision is made 
for lubricating the roller bearings of the overhead valve rocker 
spindles, and no oil holes are made in their brackets for hand 
lubrication. 

The general design of all three oil pumps and their delivery 
is the same. The general construction is clearly shown in the 
sketch of the front scavenger pump (Fig. 22). -A pair of 
pump gears of the usual formation, 30 mm. diameter, work in 
a body casting of cast-iron. The top pump gear is of steel, 
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Fig. 22. Front Om Pump, SHowinea RatcHet Drive AnD 
SEcTION OF DETACHABLE Or SUMP IN CHAMBER 


and is machined integral with the driving spindle of the pump, 
while the lower pump gear is made of gun-metal. The oil 
pumps are secured to the machined seatings cast on the bottom 
of the oil base by a stud in each ease, which also serves to hold 
the small detachable oil sumps in position. These oil sumps 
consist of aluminum castings, into the cupped center of which 
is screwed a spun brass oil trap, formed as shown in the sec- 
tional perspective sketch. These oil sumps are connected to 
the suction ports of the oil pumps by a passage formed in the 
sump body castings. 

All three oil pumps are driven at the same speed, the two 
scavenger pumps being connected together by a light tubular 


shaft, which en- 
gages with dog 
elutches at either 





end; the pressure 
oil pump is driven 
off the spindle of 
the rear scaven- 
ger pump through 
a dog clutch ex- 
tension of the 
spindle. 

The method of 


driving the oil 
pumps at the 


front end of the 
engine is of inter- 
esting and un- 
usual design. As 
shown in Fig. 22, 
the driving gear 
wheel, which is 
mounted on the 
front extension of 
the pump spindle, 
is provided with 
a spring - loaded 
face ratchet, the 
teeth of which are cut inside the gear, as shown, and engage 
with similar teeth cut on a flange on the front of the pump 
driving spindle. The strength of the spring is such as to allow 
the driving gear to overrun the driving spindle, and apparently 
in the event of backfiring all the oil pumps become inoperative, 
and would thus be prevented from being sucked back into the 
oil base by the two scavenger pumps. 





SEcTION OF WATER PuMP 


Fig. 23. 
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An interesting feature in the lubrication system of these en- 
gines is found in the small separate oil filters, which are pro- 
vided at the top of each of the diagonal oil ways drilled 
through the webs of the main journal bearing housings. The 
small filters are screwed into the bosses, which are cast on the 
outside of the crank chamber, and to which the detachable main 
oil pressure pipe is attached. 

In Fig. 19 the method of attaching the main oil pipe by a 
set screw and a cap fitted with a leather washer is shown. The 
set screw is screwed into the top of the filter plug at the top 
of the drilled oil lead, and a small jet or drilled plug is fitted 
below the set screw, the plug being let into a small recess cut 
in the top of the oil lead. 

Further details of the formation of the oil passages drilled 
through the crankease to the journal bearings, and also of the 
construction of the main bearing caps, are given in the sketch 
Fig. 21, which shows the underneath view of the top half of 
the crank chamber. The oil is led round the bearing bolts 
through cireular oil grooves cut in the face of the bearing 
housings. The small holes drilled in the erankease above the 
joints, as shown, communicate with recesses machined around 
the bolts. These holes are made to prevent the oil from being 
forced upward out of the engine through the bolt holes in the 
erank chamber. 

Details of the construction of the water pump are shown in 
the sectional drawing, Fig. 23. The body of the water pump 
is attached to the top face of the separate aluminum casting 
which forms the cover of the magneto driving gears. This gear 
cover is attached by bolts and studs to the rear end of both 
the top and bottom halves of the crank chamber. As may be 
seen in the general arrangement drawing of the engine, the 
water pump spindle is driven through a dog clutch at its lower 
end by @ short vertical spindle running in a bronze bush bear- 
ing; this spindle is driven by a bevel gear meshing with the 
main bevel fixed on the rear end of the crankshaft. 

The water pump vertical spindle, which is 20 mm. in diam- 
eter, runs in a bronze bearing, which is lubricated by a screw 
grease-lubricator. The top portion of the pump spindle bear- 
ing is cupped to form the housing for a thrust ball race, above 
which is fixed the pump rotor. 

The pump rotor is a gun-metal casting having six helical 
vanes 110 mm. in diameter. The rotor is fixed to the pump 
spindle on a taper and key, and is locked by a domed nut and 
locking washer. 

The lower half of the pump body is an aluminum casting 
with an inlet passage 54 mm. in diameter, to which the diagonal 
water pipe from the radiator is coupled by a rubber con- 
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nection. The top half of the water pump body, which is a gun- 
metal casting, is formed with six helical passages leading in a 
reverse helical direction to the water pump rotor. These pas- 
sages connect with the common vertical outlet passage in the 
top of the body casting, as shown in Fig. 23. The outlet diam- 
eter is 50 mm. 

The center portion of the top body casting inside the helical 
passages above the pump rotor is domed and fitted with a 
serewed plug 38 mm. in diameter. This plug is drilled with a 
3.5 mm. hole, evidently to prevent an air-lock. Two 3 mm. 
holes are also drilled in the bottom of the rotor between the 
vanes for the same purpose. It is noticeable that the steel ball 
thrust race is working to all intents in the water flow, and must 
therefore suffer by corrosion. 

Water Circulation—The circulation of the water-cooling sys- 
tem is clearly set out in the diagrammatic drawing, Fig. 18, 
from which it will be seen that the water pump delivers di- 
rectly into the bottom of the water jacket which surrounds the 
body of the rear carbureter. As already mentioned, the two 
earbureters are attached by long studs to the ends of the front 
and rear cylinders, and the water, after passing through the 
rear carbureter water jacket in a special passage round the 
throttle valve, enters the rear cylinder through the two cireular 
water joint flanges. The water passes through the passages 
cast in each of the six cylinder heads to the front carbureter 
water jacket, whence the water is forced out through a vertical 
passage 50 mm. diameter through a diagonal pipe leading to 
the radiator, which is slung above the engine from the center 
section of the top plane. 

According to a French report, this radiator is very efficient. 
It is of semi-circular shape in front elevation, and is formed 
of hexagonal, honeyeombed tubes, and exceptionally deep in 
cross section, measuring 22 em. The radius of the semicirele 
in elevation is approximately 32 em. 

The radiator is divided into two separate sections by a ver- 
tical baffle plate, as shown in the diagram Fig. 18. Water 
enters the bottom of the left-hand side of the radiator through 
the pipe leading from the front carbureter, and flows upward 
through the tubes of the left hand of the radiator to the top 
portion of the tank, which completely surrounds the radiator. 
The water passes over the top of the dividing baffie plate, 
through the right-hand section to the bottom of the radiator, 
and out at the rear side, which is connected with a 50 mm. pipe 
to the inlet passage of the water pump. 

The front of the radiator is fitted with a blind, which is 
operated by a cable from the pilot’s seat. 

(To be continued) 


Book Reviews 


GUYNEMER, THE AcE OF ACES. By Jacques Mortane. Trans- 
lated by Clifton H. Levy. (Moffat, Yard & Co., New York. 
Price, $1.50. 267 pp., 28 ill.) 

This volume, which appears under the pen of one of the best 
French aeronautical writers—who was by the way a close 
friend of the late Ace—will serve as a valuable contribution 
to the military record of the Allies’ great aerial leaders. The 
greater part of the book is taken up by lively anecdotic narra- 
tives of Guynemer’s principal combats, which M. Mortane has 
gathered practically on the spot by personal interview, and 
which are thus still under the spell of action. An interesting 
counterpart to this story is furnished by the transcripts from 
Guynemer’s service log book, the style of which is notable for 
its extreme laconism. 


Airmen will be interested to learn that the great French 
Ace had no particular method for defeating his foe, nor that 
he originally possessed any particular inclination for the air 
service; in fact, he chose this arm of the service only because, 
having been rejected five times as physically unfit, it afforded 
the last chance for satisfying his will to serve France. This 
noble sentiment, which was so strongly developed in his rather 
frail body, explains Guynemer’s untiring efforts, both in air 
fighting and in improving the armament of his machines. It 
is for this reason that the name of Guynemer is revered by his 
‘countrymen not only as the one-time banner-bearer of French 
“ Boche-hunters,” but also as personifying the spiritual glory 
of France, “ the purest symbol of the qualities of the race ”— 
to quote part of his twenty-sixth and last citation, which now 
adorns the walls of the Pantheon in Paris. 


Automotive MaGneto Ienition. By Mich. E. Toepel, M. S. 
A. E. (Spon & Chamberlain, New York. Price, $2. Ill.) 
Although most American aero-engines are fitted with battery 

ignition, in Europe the magneto reigns supreme, and latterly 
some magneto-ignited engines have also appeared in this coun- 
try. With a view toward furnishing ready reference on this 
subject, the author has written a textbook which deals exhaus- 
tively with the features of magneto ignition. Arranged in the 
form of queries and answers, this textbook, which is of pocket 
size, seems to fill a long-felt want, and should prove of value 
to all whose line of endeavor demands thorough knowledge of 
this subject matter. 


ABOVE THE BATTLE. 
$1.50. 303 pp.) 
This book is by far one of the best that have been written 

by flying officers on the more intimate aspects of military aero- 

nauties. The author, who is a captain of the British Royal 

Air Force, begins his narrative with the training of an airman 

from the time of his enlistment up to the moment when he 

gets the much-coveted “ wings.” He then proceeds to tell of 
the work at the front, raid rehearsing, bombing from an air- 
plane, night flying, air photography, the relation of the Air 

Foree to the artillery, the importance of wireless in directing 

gun fire, ete. He gives many remarkable descriptions of air 

raids over the enemy lines, and tells how it feels to be a target 
of one of the aces of the German army and get away without 

a seratch. His story is full of exciting incident, yet always 

plausible, and is told in a delightfully humorous style that 

makes it irresistible reading. 


By Vivian Drake. (D. Appleton & Co. 






























































Congressman Padgeti, chairman of the Committee on Naval 
Affairs, del.vered in the House on Uct. 14 a comprehensive ad- 
dress on the accomplishments of the United States Navy, in 
connection with which he submitted reporis prepared by the 
chiefs of the several bureaus. Excerpts from reports dealing 
with naval aeronautics are printed herewith. 

From the Report of the Office of Naval Operations: Pre- 
vious to the declaration of war the Navy had maintained but 
one air station. This was a small but complete and active 
station at Pensacola, Fla., which was used for instruction and 
experimental work. The personnel of aviation at this time 
consisted of about 30 line officers of the Navy, Marine Corps. 
and Coast Guard, who were trained as aviatois, and 3U0U men. 
The aireraft in use consisted of a variety of American aud 
foreign types which had been purchased by the departmen:. 
Owing to the limited facilities and small appropriations, t!. 
results of these activities were not very extensive. 

The Naval Reserve Flying Corps was established by law in 
1916, but it was not until February, 1917, that a definit 
interpretation was placed on this law and that enrollments 
in the Naval Reserve Flying Corps actually began. The 
officers who received training in aviation had been regarded 
as having been detailed for special duty in connection with 
aviation. The law passed by Congress in 1916 authorizing the 
Naval Reserve included not only a reserve to be attached to 
the fleet but the Naval Reserve Flying Corps. Accordingly 
when war was declared steps were taken to enroll and train 
a large number of men for ultimate qualification as pilots. 
In addition, facilities were provided for the training of a large 
number of men specialized in the various functions pertaining 
to aviation and at the present time schools are in operation 
for the training of pilots, mechanics, gas-engine experts, 
communication officers, ete. 


40,383 Officers and Men 


On Oct. 2, 1918, the total strength of naval aviation was 
approximately 40,383 officers and men. Of this number, 
16,621 are now abroad and actively engaged in operations 
against the enemy. This increase in the aviation personnel of 
the Navy since the beginning of the war has called for an 
enormous expansion of training facilities. When the training 
program was first put into operation there was but one ground 
school. This school provided at that time training facilities 
for about 300 men. At the present time this number has been 
inereased to 1200, and, in addition, schools have been estab 
lished in the Central West and near the Pacifie Coast. For 
the training of airship pilots a school was established in Ohio, 
and the department is now contemplating the establishment of 
an additional school. 

It was evident to naval authorities that one of the most 
important ways of assisting the allies was to engage immedi- 
ately in the antisubmarine warfare. In order to bring the 
United States to the point where the most good could be 
accomplished with the facilities immediately available, various 
methods of combating the submarine were carefully consid- 
ered. As a result, it was decided to establish coastal patrol 
stations, both in this country and abroad. 

Construction of stations in the United States was started 
immediately, and today practically the entire eastern Atlantic 
coast is being patrolled by naval aireraft, and the Navy De- 
pariment is prepared to extend these operations along the Guif 
and Pacific coasts. In addition to seaplane-patrol stations, 
airship and kite-balloon stations have been put into operation, 
and, in order to attain the greatest possible efficiency and 
cruising radius for seaplanes, rest and supply stations are 
being located at the most advantageous points. 

The increase in the number of stations abroad has been fuily 
as great. The month following the declaration of war 5 
naval aviators and 100 enlisted men were sent abroad, and 
these forees were the first forces of the United States to land 
in France for service against the enemy. The bodies of three 
of these men are now buried in France and two others were 
killed in seaplane accidents. Since the arrival of this first ex- 
pedition abroad, stations have been established not only in 
France, but in England, Ireland and Italy as well. In order to 
appreciate more fully the magnitude of this achievement, it may 
be said that it has been necessary to ship from the United States 
practically all the material for these stations, which includes 
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hangars, machinery, and, in a word, everything that will 
eventually be used at these points. 
Patrols Fly 404,775 Miles 

During the month of September, 1918, aircraft engaged in 
patrol fights in the Unite. States covered a total distance of 
04,775 miles. Aircraft engaged in training flights covered a 
total of 1,317,460 miles during the same period. It is not con- 
sitered advisable to give out actual figures regarding the opera- 
foreign stations. The work abroad has gone forward 
steadily and the results obtained are becoming more and more 
unportant. A recent announcement by the Navy Department 
to the effect that American naval aircraft suecessfully attacked 
and destroyed a German submarine, is only one illustration of 
the work that is being done over there. The stations, in addi- 
tion to carrying out active antisubmarine patrols, have been 
engaged in assisting vessels of the fleet in convoying troop and 
merchant ships. 

On April 27, 1918, an American airship abroad made a con- 
tinuous flight for 25 hours and 43 minutes, during the course 
of which three were escorted for 13 hours and 50 
minutes in a zone which was mined and patrolled. In recog- 
nition of this accomplishment the French Minister of the Ma- 
rine officially complimented the American forces, saying that 
‘such an ascension of 25 hours and 43 minutes, which consti- 
tutes by its duration a remarkable performance, gives us proor 
of the most excellent qualities of endurance, of energy, of sang- 
iroid, and of technical ability of the American forees.” 
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Naval Aircraft in Bombing Raids 

In addition to the activities mentioned above, the Navy De- 
partment decided to organize an expedition to destroy enemy 
submarine and naval bases. The personnel and material of 
this expedition was organized in the United States and later 
sent abroad. On Aug. 15, 1918, it was announced that opera- 
tions had been started by bombing and destroying enemy bases 
in Belgium. The scope of the activities of the expedition have 
since been increased and the original forces augmented from 
time to time. 

When war was declared on April 6, 1917, 93 heavier-than- 
air seaplanes had previously been delivered to the Navy and 
about 135 were on order. Of the number that had previously 
been delivered, only 21 were in use, the remainder having been 
worn out or lost. These seaplanes were of the N-9 and R-6 
types, which are now considered as training seaplanes. 

After eliminating types which had been tried and found 
unsuitable, the department fixed upon two sizes for war pur- 
poses which had been perfected in the United States in antici- 
pation of the development of a high-powered engine. The 
engine developed is the Liberty. The flying boat, which, at 
the present time, is strongly favored, is an American concep- 
tion and it has not been found necessary to copy foreign pat- 
terns to insure our flyers being supplied with the best. With 
this development of the heavier-than-air craft came the devel- 
opment of airships and kite balloons. 


900 Seaplanes in Commission 


With the development of suitable planes and engines, the 
Navy was able to select the type of aircraft which was best 
suited for its service and to frame a large and definite building 
program. As a result there are now over 500 seaplanes in use 
at naval air stations in the United States and up to date over 
100 seaplanes have been sent abroad. Other aircraft at sta- 
tions, both in this country and abroad, includes airships and 
kite balloons. There has been no undue delay in supplying 
seaplanes and the delivery of service seaplanes is approxi- 
mately one month ahead of the scheduled time. 

The demand for aireraft necessitated an enormous increase 
of production facilities, and, as a part of this extension, the 
Navy Department undertook to build and equip a naval air- 
eraft faetory at the Philadelphia Navy Yard. Within 90 
days from the date the land had been assigned, the factory 
was erected and the keel of the first, flying boat was laid down. 
In August, 1918, this factory was producing 50 per cent more 
seaplanes than it had been two months previous. In additioa, 
at least five plants are at present devoted to Navy work and 
a large proportion of the output of several other factories 
has been assigned to the Navy. 
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The delivery of seapianes for training purposes has been 
sufficient to more than meet the requirements. ihe training 
of personne! and providing of stations and equipment to carry 
out this training has expanded sufficiently so that the present 
output of pilots, observers, mechanicians, and men trained in 
special branches, is keeping abreast or ahead of requirements. 

The confidential nature of the work prevents any definite 
statement being made as to future operations. However, ii 
may be said that the Navy Department recently established 
several air stations in Canada. ‘hese stations have been sup- 
plied with personnel and material from the United States, 
and the Navy Department is at present engaged in training 
personnel for the Canadian Government, which personnel witt 
eventually take over the operation of the stations. In addi- 
tion, the government of our allies have requested the Navy 
Department to take over more stations abroad, and not only 
are they desired to continue present operations, but also to 
inerease the field of their activities. 

I'rom the Report of the Bureau of Steam Engineering: The 
marked military advantage to be gained by having but one 
type of airplane engine prompted the Navy Department to 
adopt the engine used by the Army. All Liberty engines used 
by the Navy are, therefore, obtained through the Aireraft 
Production Board. 

1500 Liberty Engines 

About 1500 of these engines have been delivered and have 
been assigned to naval air stations in this country and 
abroad. Since the number of Liberty engines produced has 
been too small for the needs of the Army alone, it has been 
necessary for the Navy to purchase others, to the number of 
about 700, which have been utilized while awaiting a full sup- 
ply of Liberty engines. 

In addition to these, a large number of engines of less 
power have been bought for use in training planes, all of 
which have been distributed to the flying schools, the most 
important of which is at Pensacola, Fla. 

One of the very important duties devolving on the Bureau 
of Steam Engineering is the equipment and maintenance of 
stations for the generation of hydrogen for use in airships. 
A number of stations have been established and a full equip- 
ment of hydrogen cylinders provided, so that any calls may 
be promptly met. 

It has also been necessary to give suitable training to a 
number of young oflicers for this work and to assign them to 
stations at home and abroad for the proper conduct of these 
plants. 

Naval Aircraft Factory 


From the Report of the Bureau of Construction and Repair: 
The department has designed, built and equipped at the Navy 
Yard, Philadelphia, a faetory for producing naval aircraft. 
This factory has been delivering planes since April of the 
present year. In January last it was decided to quadruple the 
sapacity of the naval aireraft factory. The expansion is now 
nearing completion, and the present capacity of the aircraft 
factory is about fifty seaplanes of the largest size per month, 
and will, it is expected, eventually reach a capacity of ninety- 
five seaplanes of the largest size per month. 


Construction of Air Stations 


From the Report of the Bureau of Yards and Docks: On the 
outbreak of the war the only air station in operation in this 
country was the one at Pensacola, Fla. Immediately upon 
the declaration of hostilities plans for new stations were 
drawn, and in May of 1917 actual construction started. Since 
that time eleven large additional stations have been put in 
operation, and also a number of strategie points to assist in 
efficient patrol work. These stations, including additional 
work recently authorized and now under way, involve the 
expenditure of $15,000,000 and provide accommodations for 
upward of 9000 men and 400 officers. In addition thereto 
work is just started at the site of the new station on the Gulf, 
the initial eost of which will run to $1,200,000, providing for 
600 men and 70 officers. 

Kite-balloon stations are being provided, one each in. the 
first, third and sixth naval districts and two in the fifth naval 
district, involving an expenditure of $500,000. 

The bureau is as well supplying plans, hangars and portable 
buildings for construction by the Canadian Government. 


Development of Aircraft’ Ordnance 
From the Report of the Ordnance Bureau: As the seaplane 
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is an important means for attacking the submarine, special 
attention has been given to the development of aircraft devices. 
The past year has brought the perfection of the non-recoil 
gun and the Lewis gun has been adapted to seaplane use. 

Aircraft bombs designed to explode either on impact, if 
they hit a submarine, or at a predetermined depth, like the 
ordinary depth charge, have been developed, and the required 
quantities are being made. Sights for their accurate aim and 
improved seaplane cameras have accompanied them. 

Armaments for airships and seaplanes was given early 
attention ani bombs of various types together with necessary 
machine guns, ete., were placed in manufacture and have met 
the demands of the service. New and improved depth bombs 
have given much satisfaction. Various training devices for 
bomb dropping and gunners have been supplied. 





For Comfort in Flying 


To those who reeall the early, “ heroic” days of aviation, 
when the pilot would sit on a hard board or on crossed leather 
straps, amidst a maze of wires, the modern airplane, with its 

comfortable and unobstructed 
f cockpit, appears to be the acme 

of perfection. Indeed, hardly a 
day passes but some accessory 
is brought on the market with 
a view to improving the comfort 
of the pilot and thus reducing 
the strain of flying. 

One such accessory, the War- 
ner Knee Control, which is il- 
lustrated herewith, has recently 
given a convincing demonstra- 
tion of its practical value. Postal 
Airman Robert F. Shank had 
the mail planes he flies on the 
New York-Philadelphia-Wash- 
ington route equipped with this 
“gadget,” and has derived con- 
siderable satisfaction from it, 
beeause, he says, “it allows me 
the free use of both hands, and 
as schedule leaving time is noon 
every day, I now take my lunch 
with me and eat it while en 














route.” 





A distinct advantage of the 
Warner control may be found in that the knee grip, which is 
shaped to the contour of the legs, is adjustable in flight to fit 
any size pilot. Control of the machine with the legs thus is 
a positive function, the more so as the knee grip is ribbed 
vertically to prevent forward or backward slipping. The knee 
grip will be found particularly desirable on cross-country trips 
involving several hours of flying. 





Powerful Airplane Flare 


An airplane flare witha brillianey equalling that of 400,000 
sandles has been perfected by the Ordnance Department of 
the War Department. When hanging from his parachute 
over a German munition plant it lights up an area so brightly 
that an airman thousands of feet in the air ean select any 
building he is directed to make a target for his aerial bomb, 
and, it may be added, American aviators are becoming so 
expert in bombing that they can usually hit the target at 
which they aim. 

In every European city within the zone of aerial raiding 
operations the rule is rigidly enforced against the burning of 
lights in any building that might possibly be used as a target. 
Having reached the particular district sought, he must locate 
the particular object of his attack from his position, which 
may be 5000 or 10,000 ft., or even higher, above the earth. 
Equipped with the airplane flare, the aviator pulls a lever 
and releases it. As it drops, the resistance offered by the air 
sets the fuse mechanism in operation. The result is the 
emission of a powerful light of from 300,000 to 400,000 candle 
power which completely illuminates the terrain below. The 
amount of light given is equal to that of a battery of from 
150 to 175 street are lamps, or of from 15,000 to 17,500 
ordinary incandescent lamp bulbs such as are used home. 
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The Common Round—The following incidents, drawn from 
the battle zone records of the Royal Air Foree, are but speci- 
mens which illustrate the nature of the day’s work of airmen 
in France: 

A two-seater machine was engaged in special work when it 
was attacked by seven German machines, which surrounded it, 
firing at the British machine from all sides. The Germans used 
explosive bullets. Fighting gallantly against these crushing 
odds, the British pilot battled his way through the enemy 
formation. In the course of the fight, however, one of his legs 

yas hit five times, so that the limb was all but severed, and fell 
among the controls. By a supreme effort the pilot clung grimly 
to consciousness, and somehow managed to disentangle his leg 
from the controls. Not only so, but he succeeded in landing the 
machine safely behind the British lines. 

Another two-seater machine, while escorting a bombing 
formation, sighted 20 German fighting planes. The pilot in- 
stantly dived to the attack and selected his first victim. He 
closed, and, putting in a burst of machine-gun fire at a distance 
of only a few feet, saw the German pilot go down in flames. 
Alarmed by the suddenness of his attack, the other Germans 
had scattered somewhat, and the Englishman was able to dive 
on another. Just as he came within range, however, his gun 
jammed, and at the same moment several Germans attacked 
his machine from the rear. His observer now came into the 
running, and, opening fire, sent one of the following enemy 
machines spinning earthward. Having cleared the jam, the 
pilot, maneuvering at great speed, succeeded in getting a third 
Hun across his front, where he opened fire at short range and 
sent his opponent whirling down, a burning mass. 

The same day a highly successful raid was carried out on 


a German aerodrome by combined British and American 
squadrons. Successive formations, flying very low, released 


their bombs on hangars, machines on the ground, and hutments. 
By this bombardment the German petrol and oil store was set 
on fire, which, in turn, spread to the ammunition dump; six 
machines on the ground were destroyed by fire, and two more 
by direct hits; two large Gotha and several smaller hangars 
were enveloped in flames, as well as some living huts of the 
personnel of the German squadrons. The Germans rushed out 
and desperately endeavored to put out the flames, whereupon 
the raiding planes immediately swooped down again to the at- 
tack, and plied the Germans with machine-gun fire, scattering 
panic-stricken mechanics in all directions, and laying low many 
of them. Meanwhile, a supporting squadron of British ma- 
chines unloaded their bombs on to a chateau used as officers’ 
quarters, and completely destroyed it. In spite of the exceed- 
ingly heavy ground fire to which the attackers were subjected, 
every machine engaged returned safely. 

Shortly afterward a large scale raid was carried out by 
British and Australian squadrons upon another German aero- 
drome, where—again from a very low height, to insure greater 
accuracy—a shower of bombs was released, as a result of 
which three large hangars containing machines were completely 
burned out and others badly damaged. The German pilots’ 
mess was blown up, and several fires were started among the 
mechanics’ huts. The airmen next turned their attention to a 
neighboring station where German troops were entraining. 
Coming down in some eases to a bare 50 ft. from the ground, 
the raiders opened fire with their machine guns, and did tre- 
mendous execution among the German soldiers crowded on the 
platforms. German staff officers superintending the entrain- 
ment rushed to their waiting cars and attempted to escape, only 
to be pursued remorselessly. The drivers were apparently hit, 
for one car upset in a ditch, while the other ran up a steep 
bank and overturned. In this case again every machine en- 
gaged in the raid returned safely. 

Work of the French Air Service—The French do not make 
a practice, as we do, of advertising their aircraft losses side 
by side with their victories. Of the latter we are well aware 
from the daily bulletins, but as the French losses are not 
quoted it has been generally thought that their victories have 
been gained at a disproportionate cost. We are glad, there- 
fore, to be in a position to dispel this illusion. The following 


figures relating to the work of the French Air Service are 
They date from the opening of the big German 


authoritative. 
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offensive on Mareh 21. Enemy airplanes destroyed or sent 
down out of control: 
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ST dekh sb diwesiodhsceseidcs oeabesadandl eabentibel 285 
UE CE OP BO access dtc vnpeapecabenentaeaanieon 163 
eas 9d oat a vials pod donne Mee eee eeoscecses 1,325 


Enemy kite balloons destroyed during this period are as fol- 
lows: 


TM RO 2 arr ee rele nn Fine CVE 8 
MEE FH dine Bis aarcae ale 0.0 ais cued Lai dnd ae oe 1] 
ek 2 Kn oa ace <P a ia > cae ead eee AE 29 
I ee a San iam avgun'e «aig i Re ae a ee 3 
 .cnetabdadeds kiueusdspemesdbandlsaaseaneaenetee 39 
PS OF: Bi SIN «a. ond. oo dd Kalk otk be earned ee 29 

MR eid CKe wt Od do 6 ede ee ew ee 147 


Let us turn to the French bombing squadrons. Their record 


follows: 


By Day By Night 


Tons Tons 

Mart h { 1 to reer oe MRE iets 29 59 
SS ee ere ey ere ar a 106 112 
EE ah 9 iea-0 cuca Wines pe a 8'e'e 156 373 
POOL CE COTE ee 213 428 
ska, da haste Sit cha wince sm esl: uy aoe eee 194 356 
0 SiS ree ee ee 80 204 
Total CO RCOECO OSS O COE OOHRS ORESRBRO DESEO 778 1,523 


Against this aggregate we have to list the number of Freneh 


machines lost. Those erashed within the French lines by 
enemy action number: 
March S|. SEP oo eee eS ee ae 8 
iD divhteseudse +0 tincceepe cede endeiabeebaeee 10 
0 RS Pe ae ee ren ie eee, oe ee ae 
MN (dic us ais kdb ca ale-w aia claw Sek IL EE Ce ee 24 
SE tevtskvbsbatduess aweeveadotenteesasianeiee 25 
PE 08 US. Btn ks-o6 cared bcndiclwebke bed waaeesee eee 13 
ND 5. 5 Milne RS oach 0 te Acolaia became ea 94 
But this is not all. There remain those machines whieh, 
venturing far behind the lines, are dryly catalogued as 


se 


So far as the French are concerned, the figures 
It should 


missing.” 
relating to these are given in the following column. 


be remembered that many airmen posted as “ missing” are 
alive and prisoners of war. 
“yg RS | pr er area ee eee 22 
EEN Ee Re aa a UN ie ee apennie DA Ue Coa toe Oe 29 
DE ead oad 6h xed ade AdsreceeawhinkaesnhSoeaadbaie 45 
RE ee yee i Mt Me ra en te ee 64 
SE np dbedehedbseddses Soba weuReueaheneenMhsabanete 67 
SG: (Ae Re UE son, dai Sid, vara ne eaie aaa oe Pe ene pe 26 
REE ene Or er ase pee Mra gs nes cece 254 


The total losses of the French in aerial fighting have there- 
fore been, from March 21 to August 15, 348. During the 
same period they have destroyed, or sent down out of control, 
1,325 planes, and brought down in flames 147 observation 
balloons, so that their balanee appears to be well on the right 
side. 

Flying (London), Oct. 2, 1918 

Commercial Aviation—Speaking on the subject of post-war 
development on Sept. 23, Lord Montagu expressed a belief in 
the possibility of a silent airplane engine as an aid to pas- 
senger air services of the future. Mr. Handley Page afterward 
spoke on the subject of post-war developments. He expressed 
the opinion that a passenger service, charging little more than 
first-class rail fares between the places it served, could show a 
profit of 9844 per cent on invested eapital as long as it ran 
full cars every time, and in the course of his address he intro- 
duced a number of very interesting lantern slides of the 
London-Constantinople flight, and of bombing machines in the 
war area. 
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General Kenly on the DH-4 


The War Department authorizes the following statement by 
Major-General Wm. L. Kenly: 

“ A captain of the Air Service, recently arrived from France, 
has reported to me that the first de Haviland 4 planes with 
Liberty engines arrived from the U. S. A. at stations in France 
as early as May 13, 1918, and since that date have been coming 
in ever-increasing quantities. This officer Jeft the assembling 
station in France on Aug. 20. He said that it had been neces- 
sary to make some changes on the first planes received, but 
that each succeeding shipment evidenced better care, and, in 
general, when he left these airplanes were very satisfactory. 

“Tn his report he also said: ‘ The performance of the planes 
was very good and the plane and motor has become very popu- 
lar with our pilots. We obtained approximately 130 miles per 
hour at ground levels with one plane, and had without any 
special preparation obtained an altitude of 10,000 ft. in 10 
min. and 21 see., full load, excepting bombs. We were able to 
loop, dive and otherwise stunt these planes exactly as well as 
we would any chasse plane. 

“* When I left the post the planes were arriving at the rate 
of 15 to 18 per day. The cars were unloaded by our steam 
crane, and fuselages unpacked in one bay (platform), wings in 
another bay, and assembly was progressing, similar to the 
method used in automobile construction. 

“* After gun test, engine test and final assembly, the com- 
passes were tested and corrected for permanent magnetism. 
The machines were then sent to the flying field and were given 
test flights. After final approval they were then dispatched 
to stations for assignment to squadron. 

“* Air-test pilots and ferry pilots were all of the opinion 
that the plane was excellent. The Freneh ministry thought so 
well of the Liberty engine that the Under Secretary of State 
for Aviation, M. Dumesnil, informed me that the French would 
gladly take every engine we could produce which we could not 
use ourselves. I was also given the same information by Cap- 
tain de Haviland, the designer of the de Haviland plane. 

“* Lieut.-Col. Warwick Wright, R. A. F., stated to me that 
the method of packing the plane was considered by the British 
to be so good that it could not be improved upon. Out of 750 
cases which I inspected, I only discovered one in which the 
contents were badly damaged.’ ” 

A record for flight between Washington and the field at 
Mineola, L. I., was established on Sept. 25 by Major-Gen. 
William L. Kenly, Director of Military Aeronautics, and Col. 
C. K. Rhinehardt in a Liberty-DH4, which beat the old 
record of 2 hours and 12 minutes by nine minutes. Also in 
the severest test to which it has so far been subjected, the Li}- 
erty engine responded to every demand made upon it. The 
exploit caused great satisfaction to the chiefs of the Air Serv- 
ice. Major-General Kenly said that the engine is everything 
that has been hoped for it, “ and just a little bit more.” 


Frederick E. Randall Dead 


Frederick E. Randall, well-known in the automobile trade 
about Boston, died last week at his home in Roxbury after a 
two weeks’ iliness of pneumonia, following an attack of infliu- 
enza. Randall, who had been in local automobile circles since 
the pioneer days, had sacrificed his business at the time of the 
first draft, intending to go into the service. Disqualified phys- 
ically, however, he entered the employ of the Wright-Martin 
Aireraft Corp., and was placed in charge of the Long Island 
City plant. He was 28 years old and leaves a widow. 


Anderson Heads Aircraft Publicity 


Lee Anderson, vice-president and sales manager of the Hupp 
Motor Car Corp., of Detroit, has been put in charge of pub- 
licity for the Aireraft Production Bureau in Detroit. Means 
to stimulate production are planned and worked out in this 
office. 

Doolittle Joins Aircraft Bureau 

A. H. Doolittle, formerly sales and advertising manager of 
the Zenith Carbureter Co., of Detroit, has joined the Publica- 
tion Division, Service Department, Bureau of Aircraft, Detroit. 
He was at one time connected with the Knox and the Conti- 
nental Motors Co. 


News of the Fortnight 





Maine Spruce Is in Demand 


President James Q. Gulnac, of Bangor (Me.) Chamber of 
Commerce; W. H. Cutler, secretary of the Eastern Lumber- 
men’s Association; Hall C. Dearborn, Examiner for the United 
States Employment Service, recently conferred in Boston, 
Mass., with other Maine men, including Hon. C. 8. Hichborn, 
of Augusta, Me., Director for the United States Employment 
Service, on matters connected with employes for the lumber- 
ing industry in Maine. 

Maine spruce has been discovered to be of prime impor- 
tance in airplane construction. 

In order to get the quantity desired, it will be necessary 
for the lumber operators of Maine to make an advance selec- 
tion of their stands of timber, cutting where the quality 
of the spruce is best, and cutting a maximum quantity as the 
percentage of good airplane stock even under perfect condi- 
tions is not large. Lumbermen in Maine, who do not have other 
war work to do through the winter months, will be asked to as- 
sist in this program as laborers, but that supply will be insuffi- 
cient. 

Offices have been established in Boston by the Government 
for the reeruiting of wood labor and transfer arrangement has 
been made for getting these men into Maine. Only one em- 
ployment service can be used, as a complete record must be 
kept and furnished daily to the Maine, Massachusetts and the 
War Airplane Department authorities. 

It is a well known fact that there are other direct war indus- 
tries using the product of the Maine forests, and all of these 
departments of the industry will receive proper protection 
and consideration under the present plans. 


New Airplane Testing Methods 

By an agreement between the two divisions of the Air Serv- 
ice, the acceptance parks or testing fields located at Dayton, 
Ohio; Detroit, Mich.; Buffalo, N. Y., and Elizabeth, N. J., 
have been transferred from the jurisdiction of the Bureau of 
Aircraft Production to the Division of Military Aeronautics, 
and the method of testing the finished product is now under- 
going a complete change. 

Instead of flying each machine produced at least one hour 
before crating, as has been the practice, the fifteenth, twentieth 
or thirtieth plane, as may be decided, will be picked from the 
shop run, shipped direct to a testing squadron and given a 
try-out, or, to use the technical expression, “ flown to destrue- 
tion.””’ The other planes will be immediately crated and sent 
on the way. As fast as the testing squadron develops a weak- 
ness in any machine the fault found will be flashed both to the 
factory and overseas and remedied before the plane takes the 
air. 

Thus, with the factory inspection of parts and assembling 
maintained at a high mark and the flying tests stiffened, effi- 
ciency and accuracy of production has been inereased, and 
at the same time there has been a further reduction of time 
lost in the flow of engines and airplanes overseas. 


Importation of Balsa Wood 


The War Trade Board has by a new ruling (No. 273) placed 
restrictions upon the importation of balsa wood, including 
ceiba wood and other light woods usually designated as balsa 
wood. 

All outstanding licenses have been revoked as to ocean ship- 
ment from abroad after Oct. 10, 1918, and no further licenses 
will be issued, except to cover shipments made from abroad on 
or before Oct. 10, 1918, shipments from Canada or Mexico by 
other than ocean transportation, shipments from Europe or 
Mediterranean Africa when coming as return cargo from con- 
venient ports where loading can be done without delay, and 
shipments not covered. by the above provisions to a total of 
not to exceed 1,600,000 board feet. 

The amount permitted to come forward will be allocated by 
the Bureau of Imports. 


May Move Aircraft Production Section 
Washington reports state that the Aireraft Production Section 
of the Army has under consideration a plan to move its whole 
office foree to New York and to make that city its headquarters 
lesen of Washington. 











L. W. F. Engineering Banquet 
The Engineering Department of the L. W. F. Engineering 
Company of College Point, N. Y., held an “ old timers’ dinner’ 
at the Hotel McAlpin, New York, on Saturday, Oct. 19. The 
event served as a get-together gathering and as a farewell 
token of esteem to Archibald Black, the company’s chief aero- 
nautical engineer, who has severed his connection with the 


L.W.F. organization to take up work under Naval Constructor 


J. C Hunsaker in 
the Department of 
Construction and 
Repair, Navy De- 
partment, W ash- 
ington, D. C. 





The table was 
attractively de € o- 
rated, and at each 


place was a tour- 
page menu ren- 
dered in blue-print 
in true engineering 
style. On the first 
page was a picture 
of the first machine 
fitted with the L:b- 
erty engine, while 
inside the lis 
of the guests and 
the “ Bill of Mate- 
rial.” The last page 
“=~ =| showed a _ drafts- 


was 














s ee man doing his best 

al | to keep up with 

=n : the ehanges, with 
discarded sheets 


ARCHIBALD BLACK 
thrown on the floor 


and in the serap basket, representing former engineering de- 
partment members who had entered various branches of the 
service. 

The souvenirs at each place consisted of test sections of the 
wing beams of the first airplane that flew a Liberty motor. 

Archibald Black acted as toastmaster, and in an interesting 
address he told of the accomplishments of the L. W. F. Engi- 
neering Department during his connection with the company. 
He introduced the following speakers: Herbert M. Williams, 
who spoke on the future of aviation; Glenn D. Mitchell, who 
told of the detailed history of the L. W. F. organization; 
H. Zuege, who described production troubles and how they 
were overcome; Alfred Rappuhn, who described the experi- 
mental work at Mineola, and H. H. Nordman, who gave some 
entertaining reminiscences of early aeronautics. 

Among those present were: G. D. Mitchell, Mechanical Engi- 
neer; A. Black, Aeronautical Engineer; E. J. Seceo, Test 
Mechanic; H. J. Orgass, Foreman B. M.; H. J. Nordman, 
Foreman H. S. 2 L.; L. W. Bettiger, Chief Draftsman; J. L. 
Harkness, Test Engineer; J. E. Connaughton, Foreman; F. E. 
David, Checker; J. J. McCafferty, Plant Layout Draftsman; 
P. Rhinelander, Assistant to General Superintendent; H. 
Zuege, Production Manager; D. Wells, Assistant Production 
Manager; F. J. Bostwick, Planning Supervisor; Alfred Rap- 
puhn, Engineer Boyce Motometer Company, H. M. Williams, 
of AVIATION AND AERONAUTICAL ENGINEERING. 

After the addresses the guests sang patriotic and popular 
songs, and a rousing send-off was given to Mr. Black. 

Archibald Black was born in Scotland thirty years ago. 
After some years in the electrical line there he came to Amer- 
ica, just at the time when flying was in its infancy. His inter 
est in aviation dates back a decade, and the optimism he has 
held for its future during these years has spurred him on to 
study and keep in close touch with the business. 

After coming to this country, Mr. Black remained in his 
old line, being engaged in electric power plant engineering for 
the New York Edison Co., Detroit Edison Co., Union Metallic 
Cartridge, and other concerns. Early in 1916 he took a posi- 
tion in the Engineering Department of the Curtiss Aeroplane 
Co. in Buffalo, where he remained until joining the L.W.F. 
Engineering Co. in August, 1916. Various L.W.F. machines 
have been built under Mr. Black’s direction, noteworthy among 
which was Model F, which was the first airplane fitted with a 
Liberty engine to fly successfully. 
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Furloughs for War. Workers 

The War Industries Board authorizes the following: 

Following the announcement by Bernard M. Baruch, chair- 
man of the War Industries Board, that there would be eo- 
operation by the War Industries Board and the War Depart- 
ment in determining furloughs from military service of skilled 
laborers and others engaged in important war work, the War 
Industries Board has appointed William M. Ritter, of West 
Virginia, who is assistant to George N. Peck, commissioner of 
finished products, as certifying officer representing the board 
in this vital work. 

Mr. Ritter will be the point of contact between the War 
Industries Board and Darragh de Lancy, of the industrial fur- 
lough section of the Adjutant General’s Office in the War De- 


partment, through whom decision will be made as to the 
essentiality of certain men in war industry and necessity for 
their furlough from military service although ealled in the 


selective draft. 

All requests for the furlough of men made by the various 
departments of the War Industries Board will be made 
through Mr. Ritter, who will make such investigation in each 
ease as in his judgment the circumstances warrant to determine 
whether the requests are justified. 

Heads of industries in war work who find that the draft is 
taking from them such of their skilled men as to impair 
efficiency and seriously reduce production of war material are 
expected to apply to the War Industries Board for the fur- 
lough of these essential skilled men. Commodity section chiefs 
in the board, handling matters in connection with the industry 
alleged to be affected by the draft, will make investigations as 
to the needs and conditions before acting on the requests for 
furloughs coming to them, and will then report to Mr. Ritter. 

Men furloughed from military service on the recommenda- 
tions of Mr. Ritter as certifying officer for the War Industries 
Board, will be instructed to report to the industry applying 
for their furlough and that industry will be required to make 
regular monthly reports to the certifying officer showing the 
continuance of the furloughed men in their employ. Change 
of place of employment or of character of work will lead to 
revocation of the furlough order, and return of such men to 
or into the military service. 


French Optical Glass Importation 

Hereafter orders for the importation of French optical glass 
into the United States must be placed through the War In- 
dustries Board and the War Trade Board. Direct orders for 
importation will not be allowed. 

The regulations provide: 1. All import orders for French 
optical glass should be placed with the Service Geographique, 
which will distribute them among the various French manufac- 
turers. 2. The order, together with the application for import 
license, should be forwarded to the War Trade Board, Bureau 
of Imports, to the attention of Mr. Reardon. 3. The applica- 
tions should state in detail the purpose for which the glass is 
intended. 4. The War Trade Board will in all cases consult 
with the Military Optical Glass Section of the War Industries 
Board before applications are granted. 5. Orders placed direct 
will not have the approval of the Military Optical Glass See- 
tion nor the necessary endorsement of the War Trade Board 
to allow the glass to be imported from France. 6. If glass of 
a special manufacturer is desired, it may be noted on the 
order. 


Hartzell Propeller Company Opens New Office 

The Hartzell Propeller Company of Piqua, Ohio, wishes to 
announce that Harry B. Wise, Sales Manager, has opened an 
office in the Mutual Home Building, Dayton, Ohio, to facilitate 
Middle West business, and the Hartzell Company will be glad 
to have its many friends call upon Mr. Wise whenever con- 
venient. 

Speaking of Hartzell production, it was said in our issue 
of August 15, 1918, that Liberty airserews were turned out at 
Pequa “in numbers which it would comfort the enemy to 
know.” As this wording appears to have been misconstrued 
by some of our readers, it seems necessary to point out that, 
since the publication of confidential information on war mate- 
rial gives aid and comfort to the enemy, the sentence obviously 
implied that Hartzell production was running into such high 
figures that it had to be kept secret in the interest of the 
prosecution of the war. 
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L. W. F. Military Tractor 


One of the successful types of military biplane, 
particularly interesting in its refinement of detail. 
The landing gear is of purely military design, such 
as has been adopted by the Allied Governments. 
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Val ids Airplane Effici 
y io . . . . 
(Z Valspar is the ideal varnish for airplanes and seaplanes 
\ in active service, because it is proof against water and 
see weather, oil and gasoline, and the extreme vibration of the 
ae. engine and machine-gun. 
Cn ,. Valspar protects wood, metal or fabric with a coating of 
LOKkig PA unsurpassable toughness and elasticity. It will neither 
g tLe, blister, check, crack, nor turn white from exposure. 
Z / Valspar resists also the destructive effects of high speed 
Z a oe and hard usage, and retains its protective qualities long 
, J after ordinary varnish requires renewal. 
+ "ili. . . . . . . 
0/4 "onl Valspar is in constant use in the air service of the Allies 
Fd and has satisfied their most exacting requirements. 
4 ‘ Our Airplane Depaitment will gladly afford information and assistance in solv- 
VP oe ing your varnish problems. To purchasing agents and superintendents of pro- 
ay . : : oe 
( , duction we will send our book on airplane finishing free on request. 
/ {\ VALENTINE & COMPANY, 456 Fourth Avenue, N. Y. 
Y, \ ESTABLISHED 1832— Largest Manufacturers of Iligh-grade Vurnishes in the World 
Z As, ia New York Chicago TRADE VAE TANES MARK Toronto London 
* = Boston Amsterdam 
“A S ma W. P. FULLER & CO., Agents for the Pacific Coast: San Francisco and 
“a Principal Pacific Coast Cities 
w Kd 
GY 2 PAY Valentine Products used by the world’s leading airplane-makers include 
Lf Valspar Varnish, Valspar Bristol Enamel, Valspar Low Visibility Gray 
¥ Enamel, Valspar Olive-Drab Enamel, Valspar Black Enamel, Val- 






spar Filler (Wood), Valspar Primer (Metal), Valspar Primer 
(Wood), Valspar Khaki Enamel, Valspar Aluminum 
Paint. Dipping, Spraying, and Brushing coatings of 
all kinds, Quick-Drying Insignia Colors. 
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Announcement 





December I, 1918, the subscrip- 
tion price of 


AVIATION and 
AERONAUTICAL 
ENGINEERING 


will be advanced to 


$3.00 per Year 


Foreign and Canadian, $3.50 per Year 





Subscriptions received prior 
to December 1, 1918, will 
be accepted at the present 
rate of $2.00 per year. 





The Gardner-Moffat Company, Inc. 


Publishers 


120 West 32d Street New York City 


GARDNER-MOFFAT COMPANY, INC. 
120 West Thirty-second Street, New York City 


Enclosed pleased find $2.00, for which send me 
AVIATION AND AERONAUTICAL ENGINEER- 
ING for one year from date. 


Signed ee ee ee ee ee 


Te. eines Sees cu he Oka eta e Rab ad de oes eae 


SSS a ee 


This coupon must be used before December 1, 1918 
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MARVELITE 
For Dials At Night 


Reliable. Practically Permanent. Used by United 
States Government and prominent manufacturers. 
Prompt deliveries guaranteed. 


Demonstrations for manufacturers without charge. 
Correspondence invited. 


Send for Booklet Ne. 6 containing valuable information 
about luminous materials 


Cold Light Manufacturing Co. 
50 Union Square New York 














JACUZZI BROTHERS 
2034 San Pablo Avenue, Berkeley, Calif. 


Propeller Manufacturers 
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For Airships For Airplanes 














OVER TWENTY TYPES OF PROPELLERS 
ARE MANUFACTURED CONTINUALLY 
AT OUR PLANT 


WE DESIGN PROPELLERS TO MEET 
DIFFERENT REQUIREMENTS 


Write for our price list 
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Tuomas-Viorse Aircrarr Corporarion 


ITHACA ® N.Y. VU. S.A 


Contractors to U. S. Government 








New Book on Practical 
Aeroplane Rigging 


For Aviation Officers and Mechanics 


APPROVED FOR USE IN UNITED STATES NAVY 
AVIATION MECHANICS SCHOOLS 


Written By 


JAMES T. KING, formerly mechanic 
with Canadian and American Curtiss 
Aeroplane Factory and Royal Flying 
Corps; now instructor Aviation Dept., 
Dunwoody Institute; and 


NORVAL W. LESLIE, Flight Sub- 
Lieutenant, R.N., instructor Aviation 
Department, Dunwoody Institute. 


This book is well illustrated and takes up 
types, parts, alignment, care and main- 
tenance of machines in a practical way; 
also the theory of flight. Only new book 
of its kind on Rigging. 


THE DUNWOODY INSTITUTE 


818 Superior Avenue Minneapolis, Minnesota 














WITTEMANN-LEWIS 
AIRCRAFT 
COMPANY 


NEWARK, N. J. 


Main Office and Factory: 


Lincoln Highway 
near Passaic River 


Telephone, Market 9096 
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a counterbalanced aviation 
crankshaft.... 


Patented July 10th, 1917 


one of the | 8 different 

models we are now making 

for 14 aviation motor companies .. . 
reduces vibration and eliminates bearing pressure 


We have shipped 32,842 Aviation Crankshafts to September, 14 1918 


THE PARK DROP FORGE CO. CLEVELAND, OHIO 
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Aircrart Meta Parts 


DEPENDABLE SERVICE 
QUANTITY- PRODUCTION 


Our plant at Erie—the largest of its kind—specializes on AIRCRAFT 
BOLTS, NUTS and CLEVIS PINS conforming to Government 


Specifications. 
A product as near 100% perfect in quality and machine practice as the 


human element will permit. 
Please request our New York Office to send you copy of our catalogue. 


ERIE SPECIALTY COMPANY. 
8 West 40° St., New York City 


Main Plant Erie,Pa. 
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A Hartzell Liberty Walnut Propeller 


Safeguards the Carrying of the Aerial Mail 
—As Well as the Fighting Planes in France 


Photograph above shows the start of the Aerial Mail at Belmont Park. The machine is equipped 


with a Hartzell Liberty Walnut Propeller. 

We have been dealing in lumber for over 30 years—15 of which we have specialized in Walnut 
exclusively. We control the sources of original supply—buy the standing timber and at our own 
mills convert it from logs to lumber for propellers. Thus we manufacture the Liberty complete— 
from the log to the finished propeller blade. And remember—we DESIGN propellers as well as build 


The Hartzell Walnut Propeller Co. 


Piqua, Ohio 


them. 
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SCREWS 


MACHINE - WOOD - CAP - SET - LAG- ETC. 





WE HAVE THE ASSORTMENT 
AND THE QUANTITY 


Let us figure on your next specifications. 
We have managed to “take care” of some 
very large concerns both in price and delivery 


HAMMACHER, SCHLEMMER & CO. 


HARDWARE, TOOLS AND SUPPLIES 
New York, Since 1848 Ath Ave. and 13th St. 
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ACKERMAN WHEEL COMPARE } 
ck ‘ier Building, CLEVELAND, OHIO. U.S.. c 
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THE DEFIANCE AUTOMATIC 
AIRPLANE PROPELLER LATHE 





IT HAS GOVERNMENT AND MANU- 
FACTURERS’ ENDORSEMENTS 


The proof of this lies in its use in HDngland, in Italy, in 
Canada; its use in Unitecé States Government Arsenals, 
and fifteen of the leading propeller factories in America. 
Each machine in use releases from eight to ten skilled work- 
men for other duties. With one man operating a number 
of machines, the cost of anaes | propeller blades close to 
size is reduced to a minimum. It automatically turns pro- 
par blades of various sizes to any shape or pitch, and 

will duplicate struts of irregular shape in facsimiles. 
panes = for our circular which illustrates and describes this 
machine. 


THE DEFIANCE MACHINE WORKS 


DEFIANCE, OHIO, U. S. A. 
NEW YORK 


Dieealloy Shaping Machine 


LONDON 

















For Two, Three and Four-Bladed 


Screws 


A brand new machine—designed and built with 
the thoroughness characteristic of all Mattison 
woodworking machines—which has been approved 
by many of America’s largest propeller manufac 
turers. 

It works close to finish-size, thereby eliminating 
the greater part of the expensive hand work which 
usually follows the machining operation of other 
methods. 
















Write or Wire for Details 


MATTISON MACHINE WoRKS 


Rockford, Illinois, U. S. A. 
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. METAL WORKING 
Shag LATHE 


ctual ! Swi ing / V4adnch 


| MODEL TYPE’ B-. 4" 


“DALTON Ae x" 


MANUFACTURED BY 


DALTON MANUFACTURING CORPORATION | 


NEW YORK U.S.A. CABLE ADDRESS“ALEDAL’ NEW TORK... 

















No. 2B PLAIN MILLER 
Single Pulley hos 2 lod 
Table 8537" 







THE FOX MACHINE COMPANY 


1810 W. Gavson St., Jackson, Mich. 
Formerly of Grand Rapide, Mich. 
























































“It is just what our 


airplane mechanics need” 


That is what The Gas Engine says of Colvin’s AIRCRAFT 
MECHANICS HANDBOOK in a recent review. That is t e 


gist of all of the magazine reviews of this book. 
of aircraft mechanics are using this handbook constantly. 





Colvin’s 
AIRCRAFT 
MECHANICS 
HAND BOOK 


Read what the book covers 

General Construction 

Theory of the Planes 

The Propeller 

Wiring the ’Plane 

Woods for Airplane Con- 
struction 

Types of Engines 

Instructions to Inspectors 


$3.00 


Army” Work 











and repair of aircraft. 


We urge you to send for 


the book on our return privilege plan, so that you may see 


for yourself what the book is and how useful it could be 
to you. 
a ee ee On ew ew en aaa 


Thousands 


402 pages, 5x7, flexible 


This is the one book that 


of Airplanes explains thoroughly the 
Specifications for Train- construction of planes, the 
ing Airplanes details of erection and 
Assembling maintenance, and the care 
Instruments for Airplanes and — of et mo- 
tors. ere is a real air- 

5. Agnes Se Gun craft mechanics handbook 
A s —the first book that an- 
How “The Eyes of the swers the thousand and 


one questions relating to 
the inspection, adjustment 





RETURN PRIVILEGE COUPON 











McGRAW-HILL BOOK CO., INC., 
239. West 39th Street, New York 


Enclosed find $3.00 for which send me Colvin-Aircraft Me- 


chanics Handbook, postpaid. 


Subject to return for refund within ten days of receipt if 


unsatisfactory. 


Av. 11-1-18 


Pan a ES SD DD ND SD Dc cee ma 
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Air Service Journal 


The National 
Aeronautical Newspaper 


During this vital period in aero- 
nautics, no publication has been 
able to devote sufficient space to 
the ever-increasing news of a tre- 
mendously expanding Air Service 
and aeronautical industry. 

To meet the demand for an illus- 
trated weekly publication devoted 
exclusively to aeronautical news, 
AIR SERVICE JOURNAL, be- 
ginning October 31, will devote its 
entire Space [to the news of aero- 
nautics. 

The official news service fur- 
nished by our Washington office 
during the past fifteen months will 
be continued and broadened. 

Correspondents in the service 
and at the plants of the manufac- 
turers will furnish reports of inter- 
esting and outstanding events each 
week. 

More space will be devoted to 
news of the manufacturing plants, 
the air mail service, and the devel- 
opment of commercial aeronau- 
tics, than in any other publication. 

The timely and vigorous edi- 
torials which have been an exclu- 


sive feature of AIR SERVICE 
JOURNAL for over a year past 
will be continued. 


In a word, AIR SERVICE 
JOURNAL will exhaustively and 
accurately cover all the aeronau- 
tical news each week. 


The AIR SERVICE JOUR- 
NAL now has a larger number of 
paid mail subscribers than any other 
aeronautical publication. 


Two Dollars a Year for 52 issues; Six Months, 
One Dollar 


AIR SERVICE JOURNAL 
120 West 32d Street New York 


308 Evening Star Building 
Washington, D. C. 
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Aeronautical Trade Directory 


AVIATION AND AERONAUTICAL ENGINEERING will furni<t 
information and addresses of companies listed belwu 


Names of Advertisers in this issue are printed in capitals. 
See Index to Advertisers on page 460 
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ACCESSORIES AND 
INSTRUMENTS 
Advance Felt Specialty & Cut- 

ting Co. 
International Aeronautical In- 
strument Corp. 
Jobns-Manville, H. W., Co. 
King, Julius, Optica) Co. 
The Moto-Meter Co. 
National Gauge & Equipment Co. 
Nelson Blower & Furnace Co. 
O’Hara Waltham Dial Co. 
Queen-Gray Co. 
Rieker, Walter. 
SPERRY GYROSCOPE CoO. 
Standard Aeronautical Co. 


Stewart-Warner Speedometer 
Corp. 


TAYLOR INSTRUMENT COM- 
PANIES 


. 


VEEDER MFG. CO. 
Western Electric Co. 


AIRPLANES 


Aeromarine Plane and Motor Co. 
Rlackhawk Airplane Co. 
Blanchard-Radley Aircraft Co. 
Boeing Airplane Co. 

Breese Aircraft Corp. 

THE BURGESS COMPANY. 
California Aviation Co. 
Continental Aircraft Corp. 


CURTISS AEROPLANE & 
MOTOB CORP. 


—- HT AIRPLANE 


Des Lauriers Aircraft Corp. 
Dewey Aeroplane Co. 

Bngel Aircraft Co. 

Fisher Body Corp. 

Fowler Airplane Corp. 
Gallaudet Aircraft Corp. 
Lanzius Aircraft Co. 
Lawrence-Lewis Aeroplane Co. 
Lawson Aircraft Corp. 

Lewis & Vought Corp. 

Liberty Iron Works 

Loening Aeronautical Eng. Corp. 
Lonmgren Aeroplane Co. 

L. W. F. ENGINEERING CO. 
Martin Aeroplane Factory 
MARTIN, GLENN L., CO. 
Michigan Aircraft Corp. 
Ordnance Eng’ring Corp. 
Patterson Aeroplane Co. 

Peirce, Sam’] S., Aeroplane Corp. 
RUBAY CoO. 

St. Louis Aircraft Co. 

Smith, Kyle, Aircraft Co. 
Sperry, Lawrence, Aircraft Co. 
Springfield Airplane Co. 
STANDARD AIRCRAFT CORP. 
SEURTEVANT AEROPLANE 


THOMAS-MORSH AIRCRAFT 
CORP. 


The Willys-Morrow Co. 
WITTEMANN-LEWIS AIR- 
CRAFT CO. 


Whittemore-Hamm Co. 
WRIGHT-MARTIN AIRCRAFT 
CORP. 


AIRPLANE ENGINES 


Aeromarine Plane and Motor Co. 

Ashmusen Mfg. Co. 

Continental Motors Co. 

CURTISS AHROPLANE & 
MOTOR CORP. 


(Continued on page 449) 


Detroit Gas Turbine Corp. 

DUESENBERG MOTOR COKkP. 

General Ordnance Co. 

General Vehicle Co. 

Gyro Motor Co. 

HALL-SCOTT MOTOR CAR CO. 

Kemp Machine Works. 

Kessler Motor Co. 

Knox Motors Co. 

Nordyke & Marmon. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 

Rolls-Royce, Ltd. 

Springfield Motors Co. 

Sterling Engine Co. 

STURTEVANT, B. F., Co. 

Trego Motors Corp. 

THOMAS - MORSE AIRCRAFT 
CORP. 


UNION GAS ENGINE CoO. 

Van Blerck Motor Co. 

Willys-Overland Co. 

WISCONSIN MOTOR MFG. €9. 

World’s Motor Co. 

WRIGHT-MARTIN AIRCRAFT 
CORP. 


AIRPLANE PARTS 


Aircraft Parts Mfg. Co. 

American Body Co. 

Astoria Veneer Mill & Dock Co. 

BARCALO MFG. CO. 

Century Telephone Construction 
Co. 

Chicago Aeronautical Supply Co. 

Dayton Metal Products Co. 

ERIE SPECIALTY CoO. 

General Aluminum & Brass Mfg. 
Co. 

GENERAL BAKELITE CO. 

Holbrook Co. 

KAWNEER MFG. CO. 

Levett, Walker M., Co. 

New Jersey Veneer Co. 

Pressed & Welded Steel Products 
Co. 

Rogers Construction Co. 

Standard Parts Co. 

Welch Mfg. Co. 

Whittemore-Hamm Co. 

WIDMAN, J. C., & CO. 

Willys-Morrow Co. 

Wilson Cabinet Co. 


ALUMINUM 


Acieral Co, of America 
ALUMINUM CASTINGS CO. 
ALUMINUM CO. OF AMBRICA 
American Metal Co., Ltd. 
General Aluminum & Brass Mfg. 
Co. 
Levett, Walker M., Co. 
Leygrand & Co. 
McAdamite-Aluminum Co. 


So-Luminum Mfg. & Eng. Co. 
(Solder) 


STIMPSON, EDWIN B., CU. 
United Smelting & Aluminum Co. 


AVIATION SCHOOLS 
EAGLE AVIATION SCHOOL 
Michigan State Auto School 
Morris-Bud Airplane School 
Penn. State School of Arero- 

Mechanics 
West Side Y. M. C. A. 
Whittemore-Hamm Co. 










































































We are producing large 
quantities of 


SHACKLES 
EYEBOLTS 
HOSE CLAMPS 
THIMBLES 
HEX-BOLTS 
HEX-NUTS 
CLEVIS PINS 
ALSO 
Miscellaneous Forgings 


Send for Catalog 
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Why use men to 
lug and lift when 


a Yale Spur-Geared 
Block does it easier and 
quicker ? 

Powerful, strong, SAFE— 
it relieves and releases men 
for more profitable work. 

Built for endurance, with its steel 
vitals, steel hook and steel chain, 
the Yale Spur-Geared Block makes 
light work of heavy hoisting. 

From hook to hook a line of 
steel. 

For sale by Machinery Supply Houses 
Send for Catalog 

For factory locking equip- 

ment use a Yale Master-Key 

System. Write for particulars 


The Yale & Towne Mfg. Co. 
9 East 40th Street New York 





Yale Spur-geared 
Block hoisting 


armature 
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AJAX Auto and Aero Sheet Metal Company 
Manufacturers and designers of 
AERO RADIATORS INTAKE 
and EXHAUST PIPES 
H. W. MEYER, 245 West Fifty-fifth Street, New York 

























Johns-Manville 


Aeronautic 





Instruments 


UR designing staff and 
manufacturing organ- 
ization are both at the call 
of those who require ypeed 
indicating and revolution 
recording instruments. 


We invite your special 
problems in airplane acces- 
sory apparatus. 


H. W. Johns-Manville Co. 
New York City 


10 Factories. Branches in 60 Cities 




















“Flexo” Aero 


RADIATORS 


The only The only 

core tnat core that 

will stand can be so 

severe bent 

landing without 

shocks. injury to 
the metal 

No sharp or soldered 

corners joints. 

to crys 

tallize 

through 

vibration. 





“FLEXO”—PATENTED. 


FLEXO MANUFACTURING CO. 


1812-1320 E. 12th STREET LOS ANGELES, OAL. 
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BALL BEARINGS 
The Fafnir Bearing Co. 
GURNEY BALL BEARING CO. 
Hess-Bright Mfg. Co. 

NEW DEPARTURE MFG. CO. 
Norma Company of America 
Ss. K. F. Ball Bearing Co. 

U. 8S. Ball Bearing Mfg. Co. 


BALLOONS: DIRIGI- 
BLES 


Burdette Oxygen Co. 
Connecticut Aircraft Co. 


Custer Specialty Co. (Stato- 
scope) 
Gas WBngineering Co. (Gas 
Plants) 


GOODYHAR TIRE AND RUB- 
BER CO. 
United States Rubber Co. 


BAROGRAPHS AND 
BAROMETERS 


Green, Henry J. 
International Aeronautical In- 
strument Corp. 


Sussfield & Lorch 
WAYLOR INSTRUMENT COM- 
PANIES 


BEARING METALS 
Aluminum Castings Co. 
AMERICAN BRONZE CORP. 
FAHRIG METAL CO. 


a Aluminum & Brass Mfg. 
0 


Levett, Walker M., Co. 
Magnolia Metal Co. 


BUSHINGS 
Aluminum Castings Co. 
AMERICAN BRONZE CORP. 
Bound Brook Oil-less Bearing Co. 


CARBURETORS 
H, & N. Mfg. Co. 
Master Carburetor Co. 
Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler & Schebler 
ZENITH CARBURETOR CO. 


CLOCKS AND 
WATCHES 


Chelsea Clock Co. 


DEPOLLIER, J., & SON 
lton Watch Co. 


Ingersoll, Robert H., & Bros. 
Waltham Watch Co. 


CLOTHING 
Abercrombie & Fitch 
Cross, Mark 
N. Y. Sporting Goods Co. 
Rainwear Co. 

Rogers, Peet & Co. 
Sanders Company 
Spalding, A. G., & Bros. 


COMPASSES 


SPERRY GYROSCOPE CO. 

Star Compass Co. 

TAYLOR INSTRUMENT COM- 
PANIES 


DOPE AND VARNISH 


Adams & Biting Co. 
American Emaillite Co. 
BROOKLYN VARNISH MFG. 


Certus Cold Glue Co. 
Chemical Products Co. 
Conover, The C. E., Co. 
DU PONT CHEMICAL WORKS 
Flexible Compound Co. 
Harland, Wm., & Son 
Howe Varnish Co. 
Lucas, John, Company 
Masury, John W., & Son 
Perry-Austen Company 
PRATT & LAMBERT 


Sherwin-Williams Co. 
Smith, Edward, & Co. 
Standard Varnish Works 
VALENTINE & COMPANY 
Weeks & Co. 


DRIFT INDICATOR 


SPERRY GYROSCOPD CoO. 


DRY KILNS 


Cutler Dry Kiln Co. 
Drying Systems, Inc. 
Grand Rapids Veneer Works 


DYNAMOMETER 


Sprague Blectric Works 


ENGINE PARTS 

Allegheny Forging Co. 
Aluminum Castings Co. 
Anderson Forge & Machine Co. 
BARCALO MFG. CO. 
Brooks Machine Co. 
Burd High Compression Ring Co. 
Crosby Steam Gage & Valve Co. 
Dallet, Thos. H., Co. 
DOEHLER DIE CASTING CO. 
ERIB SPECIALTY CO. 
Fibre Finishing Co. 
= Aluminum & Brass Mfg. 

0. 


Gifford, Leland, Co. 

Gill, P. H., & Sons 

Hayes Mfg. Co. 

Hydraulic Pressed Steel Co. 

Levett, Walker M., Co. 

Meisel Press Mfg. Co. 

PARK DROP FORGE CoO. 

Pressed & Welded Steel Products 
Co. 

Standard Parts Co. 

STIMPSON, EDWIN B., CO. 

Taft-Peirce Mfg. Co. 

Tioga Steel & Iron Co. 

Williams, J. H., & Co. 

Whitman & Barnes Mfg. Co. 

WYMAN-GORDON CO. 


ENGINEERING 


emma ENGINEERING 


Ordnance Bngineering Co. 
White, J. G., Engineering Corp. 
FABRICS 
Courtrai Mfg. Co. 
Hutchinson, Scott Co. 
Lamb, Finlay & Co. 
McBratney, Robt., & Co. 
Whitman, Clarence & Co. 


FELT 


Atpenee Felt Specialty & Cutting 
0. 


Booth Felt Co. 
Western Felt Works 


FIRE EXTINGUISHERS 
Fyr-Fyter Co. 
JOHNS-MANVILLE, H. W., Co. 
Pyrene Mfg. Co. 


GAGES 

Advance Felt Specialty & Cut- 
ting Co. 

BOSTON AUTO GAUGE CO. 
Crosby Steam Gauge & Valve Co. 
FOXBORO CO., INC. 
Greenfield Tap & Die Corp. 
United States Gage Co. 


GASKETS 
Advance Felt Specialty & Cut- 
ting Co. 
Booth Felt Co. 
Fibre Finishing Co. 


GLUE 
Armour Glue Works 
Baeder & Adamson 
Certus Cold Glue Co. 
Ferdinand, L. W., & Co. 
Widman, J. ¢., Co. 


(Continued on page 451) 
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ANUS 


In military map draw- 
ing, accuracy is of 
utmost importance. 
That’s why the Allied 
Governments have 

bought Venus Pen- 
cils for the most 
important ex- 


acting work. 


a 


4 


“The standard by 
which all pen- 
cils are judged.”’ 





You ll Like 
Them Best 


Whatever your drawing or writ- 
ing, there’s a Venus to exactly 
do the work 


fill the bill; to 


smoothly, easily, quickly, with- 
out blurring, smudging or un- 
evenness. Venus Pen- 
cils are preferred for 
quality work in every 
part of the civilized 
world. 







FREE! 


postage) 


postage and 


VENUS Eraser. 


and Clapton, London, 


17 black degrees 
6B softest to 9H hardest 
3 indelible copying 


(except packing and 


Send 6c. in stamps to 
cover packing and 
we'll 
send you free FIVE 
trial length VENUS 
PENCILS and a 


England. 
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American Lead Pencil Co. 
942 Fifth Avenue - New York 


TULL aed 
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IN ACTUAL DAILY 
PERFORMANCE 


In every branch of military service—Engineer- 
ing Corps, Aviation Section, Quartermaster 
Corps, and general Patrol, Scout, and Dispatch 
duty—you will find the 


SIudian Motocycle 


~With Powerplus Motor 


Greatest strength, endurance, speed, power, accessibility, 
and all-round dependability. 


We will be pleased to arrange demonstrations of all Indian 
models for interested military officials. 


Atustrated Indian Cataiog and other de- 
scriptive literature sent anywhere on request 


HENDEE MANUFACTURING COMPANY 
ad (Largest Motorcycle Manufacturers in the World) 
767 STATE STREET SPRINGFIELD, MASSACHUSETTS 
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WEST WOODWORKING 
COMPANY 











(Patent Pending) 


Manufacturers of 


Westmoore Propellers 
Swesco Wing Beams 
Waterproof Plywood Panels 
Laminated Construction for All Parts 
Highest Quality 
Quantity Production 
Prompt Shipments 


Address: 
WEST WOODWORKING COMPANY 
308-324 N. Ada Street Chicago 


Cable address “SWESCO” 


Cabinet makers with over thirty years’ successful business 
behind them 














FUEL LEVEL 
GAGES 


This cut shows our 
Model 51 Gage 
which is standard on 
practically all type 
of military training 
machines. 



















Other types of gages 
in large quantities 
are “doing their 
bit” as part of the 
equipment of Eng- 
lish Government 
Warplanes. 








Wy 


BOSTON AUTO GAGE CO. 


SPECIAL TYPES DESIGNED 
FOR YOUR ESPECIAL NEEDS. 


8 WALTHAM STREET, BOSTON, MASS. 








ROME 
AERONAUTICAL 
RADIATORS 


Developed from years of experience in 
building all types of radiators. 


They possess every feature and qualifi- 
cation necessary for a high grade 


product. 


STRONG 
EFFICIENT 
DURABLE 


Used on the best American flying machines. 


Our engineering department is at your 
service. 


Rome- Turney Radiator Company 
Rome, N. Y., U. S. A. 
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GOGGLES 


HARDY, F. A., CO. 
Meyrowits, B. B. 

STRAUSS & BUEGELEISEN 
Strong, Kennard & Nutt 
Triplex Safety Glass Corp. 
Willson, T. A., & Co., Inc, 


HANGARS 


American Bridge Co. 

Anchor Corrugating Construction 
Co. 

Ashley Steel Bldg. Co. 

Austin Co., The 

Barney, John M. 

Howell, Field & Goddard, Inc. 

Keasby & Mattison 

Milliken Brothers 

Proden, The C. D., Co. 

Steel Fabricating Co., The 

Virginia Bridge & Iron Co. 


HOISTS 


YALE & TOWNE MFG. CO. 


IGNITION 


Philips-Brinton Co., The 


LIFE PRESERVERS 


Robinson-Roders Co. 
Universal Safety Mattress Co. 


LUMBER 


Alcock Co., John L. 

American Balsa Corp. 

Astoria Veneer Mills & Dock Co. 
Chetham Lumber Co. 

Delatour, J. 

Dutton, A. C., Lumber Corp. 
Ludlow, Israel 

Mengel, C. C., & Bros. Co. 

New Jersey Veneer Co. 

BSheip & Vandergrift 


LUMINOUS COMPOUND 


COLD LIGHT MFG. CO. 

Cummings, W. L., Chemical Co. 

RADIUM DIAL CO. 

RADIUM LUMINOUS MATH- 
RIAL CORP. 


MACHINERY, METAL 
WORKING 


DALTON MFG. CORP. 
DEFIANCH MACHINE WORKS 
FOX MACHINE CoO. 

Warner & Swasey Co. 


MACHINERY, WOOD- 
WORKING 


Curtis Machine Corp. 

DEFIANCE MACHINE WORKS 

Fay, J. A., & Egan Co. 

FOX MACHINE CoO. 

Machinery Merchants, Inc. 

MATTISON, c. MACHIN®D 
WORKS 

Olney & Warrin 

Pryibil, P., Machine Co. 

YATES, P. B., MACHINE CoO. 


MAGNETOS 


Berkshire Magneto Corp. 
Bosch Magneto Co. 
BRICSSON MFG. CO. 
Remy Blectric Co. 
Bplitdorf Blectrical Co. 


MANIFOLDS 


AJAX AUTO & AERO SHEET 
METAL €O. 
Pressed & Welded Steel Products 


(Continued on page 453) 


METALS 


Aciera]l Co. of America 
AMERICAN BRONZE CORP. 
American Vanadium Co. 
Bethlehem Steel Co. 
Betz-Pierce Co., The 

BLUM, JULIUS & CO. 
Detroit Pressed Steel Co. 
Federal Pressed Steel Co. 
Garland Ventilator Co. 
Gueder, Paeschke & Frey Co. 
KAWNEER MFG. CO. 

La Salle Steel Co. 

Levett, Walker M., Co. 
Rumford Metal Co. 
So-Luminum Mfg. & Eng. Co. 
Standard Alloys Co. 

Steel Sales Corp. 

STEEL PRODUCTS CoO. 
STIMPSON, EDWIN B., CO. 
Wheeler, Frank H., & Son 


MODEL AIRPLANES 


Ideal Aeroplane Supply Co. 
Wading River Mfg. Co. 


MOTORCYCLES 


Excelsior Motor Mfg. Supply Co. 

HENDEE MFG. CO. 

Harley-Davidson Co. 

Militare Motor Vehicle Co. of 
America 


OILS AND LUBRICANTS 
BAKER CASTOR OIL CO. 
Graphite Lubricant Co, 

Gulf Refining Co. 

Sheppard Ideal Oil Co. 

Sun Co., The 

Standard Oil Co, 

Swan & Finch 

Texas Co., The 

Vacuum Oil Co. 

WAKEFIELD, C. C., & CO., LTD. 


PACKING 
Advance Felt Specialty & Cut- 
ting Co. 
Booth Felt Co. 
Fibre Finishing Co. 


PHOTOGRAPHY 


Brock, Arthur, Jr. 
Herbert & Huesgen Co. 


PISTONS 


Aluminum Castings Co. 
Levett, Walker M., Co. 


PISTON RINGS 


American Piston Ring Co. 


PONTOONS 
Niagara Boat Co. 
PALMER-SIMPSON CO. 
Welin Marine Equipment Ce. 


PROPELLERS 

AMERICAN PROPELLER & 

MFG. CO. 
American Sash & Door Co, 
Aviauto Mfg. Co. 
Breitung & Co., Ltd. 
Cc. M. O. Physical Laboratory 
Doyle, W. A. 
Flottorp Mfg. Co. 


HARTZELL WALNUT PRO- 
PELLER CO 


JACUZZI BROS. 

Jamestown Propeller Co. 

Lang Propeller Co. of America 

Steves Sash & Door Co. 

Reinforced Propeller & Insulating 
Co., The 

United States Aero Propeller Co. 

Washington Aeroplane Co. 

WEST WOODWORKING CO. 








The Real 
Article 

















The American Aviator 
The American Airplane 
The American Goggle 


THE 
AVIGLAS 


NOVIOL glass as used in the Aviglas takes 
the glare out of the sunlight. 


THE MOST IMPORTANT THING FOR 
THE AVIATOR IS TO BE ABLE TO SEE 
CLEARLY AND DISTINCTLY. 


Write to us for illustrations and prices on 
the various types. 


Designed and Patented by 


F. A. Hardy & Company 


John H. Hardin, President 
Department O, P. O. Box 804, Chicago, III. 
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Type C-20 
Propeller 
Boring 
Machine 


A recently per- 
fected machine for 
automatically boring 
the necessary holes in 





the modern aeroplane 
propeller hub in one 
operation. Extremely durable, compact, and effi- 
cient. Does absolutely accurate and uniform work. 
Specially designed so that no oil can get on and 
injure the stock. Either belt or direct motor drive. 


Send today for complete details 


PB. Yates Machine Co. 


BELOIT. WISCONSIN, U.S.A. 








Elastic Aviation Cord 


For Shock Absorbers on Airplanes 





We originated and have developed 
this special heavy elastic cord for air- 
plane shock absorbers. 

We are the largest manufacturers 
in the world of Heavy Biastic Cord 
and owing to our factory capacity we 
can make prompt deliveries. 


Samples om request 


J. W. WOOD ELASTIC WEB CO. 


FACTORY: STOUGHTON, . 88. 


OFFIOCZS 
45 Maer 17TH Sreeet. ....+ + 2 « New Yoru 
181 W. Lake Sreeer .... + « oe « « + 1caeo 
82 Sr. Pertwee STREET. . ...s - MONTREAL, CANADA 








Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 





Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL C0.,34 Commerce St.,N.Y. 











SS 
TURNBUCKLES 


of the 


Highest Quality 


to Meet the Most 
Exact Requirements 


Standard Turnbuckle Company 


CORRY. PA. 


New York Office: Woolworth Building 
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Aeronautical Trade Directory—Continued 


PYROMETERS 
FOXBORO CO., INC., THE 
Moto-Meter Co. 

Shore Instrument & Mfg. Co. 
fAYLOR INSTRUMENT COM- 
PANIES 


RADIATORS 
4JAX AUTO & AERO SHEET 
METAL CO. 
4Z Co. 
Bush Mfg. Co. 
@ Arco Radiators Co. 
English & Mersick Co. 
FLEXO MFG. CO. 
Harrison Radiator Co. 
Lévingston Radiator Co. 
McCord Mfg. Co. 
ROME-TURNEY RADIATOR CO. 
STANDARD ROLLER BEARING 


RIVETS 
STIMPSON, EDWIN B., CO. 


SCELEROSCOPE 


Shore Instrument & Mfg. Co. ° 


SHEET METAL 


FITTINGS 
BLUM, JULIUS & CO. 
Rogers Construction Co. 


SHOCK ABSORBERS 
DURAL RUBBER CORP. 
General Rubber Goods Co. 
Ohio Rubber Co. 
Russell Mfg. Co. 
WOOD, J. W., ELASTIC WEB 
CO. 


SPARK PLUGS 
Bosch Magneto Co. 
Champion Ignition Co. 
JOHNS-MANVILLE, H. W., CO. 
Rajah Auto Supply Co. 
Silvex Co., The 
Splitdorf Blectrical Co. 


SPEED INDICATORS 
FOXBORO CO., INC. 
JOHNS-MANVILLE, H. W., CO. 
Stewart-Warner Speedometer 

Corp. 


STABILIZERS 


Greene Aeronautical Co. 
Martin Aerodynamic Stabilizer. 
SPERRY GYROSCOPE Co. 


STAMPINGS 
BLUM, JULIUS & CO. 


Enameling & Stamping Corp. of 
New Yerk —_ . 


LANSING STAMPING & TOOL 
co. 

Dewes Co., The A. 

STIMPSON, EDWIN B., CO. 


STARTERS 
Bijur Motor Lighting Co. 
Bosch Magnete Co. 
Christensen Mugineering Co., The 
— Engineering Laboratories 
0. 
MOTOR-COMPRESSOR CO. 
Northeast Hlectric Co. 
Remy Electric Co. 
Wagner-Hoyt Blectric Co. 


TANKS 


Janney, Steinmetz & Co. 


‘ THERMOMETERS 
ee CO. INC, THR 


TAYLOR INSTRUMENT COM- 
PANIES. 

TIRES AND RUBBER 
DURAL RUBBER CORP. 
S0ODYRAR TIRE & RUBBER 


Hodgman Rubber Co, 

United States Rubber Co. 

WOOD, J. W., BLASTIC WEB 
co. 

Whitley Exerciser Co. 


TOOLS 
American Tool Works Co. 
Bass Brothers 
BLUM, JULIUS & CO. 
Brooks Machine Co. 
Browne & Sharpe 
Buffum Tool Co. 
Cooper Aeroplane Co., The John 
D. 
GREB CO 


HALL-SCUTT MOTOR CAR CO. 
HAMMACHER, SCHLEMMER 
& CO. 


LANSING STAMPING & TOOL 
co. 

Peck, Stowe & Wilcox Co. 

Rich Tool Co. 

Rogers Works, John M. 

Smith & Hemenway 

Whitman & Barnes Mfg. Co. 


TRUCKS AND 
TRAILERS 


federal Motor Truck Co. 
Four Wheel Drive Auto Co. 
Fruehauf Trailer Co. 

Nash Motors Co. 

Packard Motor Car Co. 
Sechler Company, The 
Service Motor Truck Co. 
White Company, The 


TUBING 
American Tube Co. 
BLUM, JULIUS & CO. 
Dewes Co., The A. 
Empire Art Metal Co. 
Frasse & Co., Peter A. 
National Tube Co. 


Pennsylvania Flexible 
bing Co. 


STIMPSON, EDWIN B., CO. 


TURNBUCKLES 


Aero Mfg. & Accessories Co. 

Dayton Metal Products Co. 

Dillner-Meyer Mfg. Co. 

ERIE SPECIALTY CO. 

National Aeroplane Co. 

New York & Hagerstown Metal 
Stamping Co. 


STANDARD TURNBUCKLE CO. 
STEEL PRODUCTS CO. 


WHEELS 


ACKERMAN WHEEL CO. 

Dayton Wire Wheel Co. 

Hayes Wheel Co. 

Mott Wheel Works 

NATIONAL WIRE WHEEL 
WORKS. 

Spranger Wire Wheel Corp. 

Watson Wheel & Rim Corp. 

Wire Wheel Corporation of 


America 
WIRE 


American Steel & Wire Co. 

Century Telephone Construction 
Co. 

Blectric Cable Co. 

—_ YORK WIRE AND SPRING 


Metallic 


Rathbone, A. B. & J. 
ROEBLING’S SONS, JOHN A. 
Simplex Wire & Cable Co. 
Upson-Walton Co. 


WIRELESS 


American Radio & Research 
Corp. 

American Wireless Telegraph Co. 

Cutting & Washington, Inc. 


Crocker-Wheelcr Co. 
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JUNIOR SIZE 
Every practical aeroplane mechanic will instantly 


appreciate the ideal value of the BEACH AUTOMATIC 
GRIP PULLER. 

Absolutely new and original, it is the only AUTO- 
MATIC GEAR PULLER on the market. Its use need 
hardly be explained to those who have spent hours of 
cramped labor in removing gears. The BEACH is so 
designed that once the drop forged jaws automatically 
close on a gear, that gear must come out. A simple turn 
of the screw on top and the jaws clinch with a grip that 
cannot loosen until the gear is out. 

Designed to remove gears on all types of aero motors, 
by simply changing the arms, an extra set of which is 
furnished with each tool. Weight of entire outfit is but 
34 pounds. 

Write for more details 


The Greb Company 


Manufacturers of Automotive and Garage Equipment 


190 State Street, - - Boston 





—L Wereut 
cOnriere 
ve ayant 







































dm 


The “HANDLEY-PAGE” 
=== BIPLANE = 


using Rolls Royce Engines madea 
WORLD’S RECORD 
LONG DISTANCE FLIGHT 


LONDON — ROME — CONSTANTINOPLE 
Lubricated With 





e R* 

(RACING) 
The ONE Oil for All Aero Engines 
C. C. WAKEFIELD & CO., Limited 


(Sir Charles Wakefield, Bart. Gov’ing Dir.) 
Wakefield House, Cheapside, London, E.C.2 


















The®* tremendous saving of time and 
money made possible by the use of Peter’s 
Aluminum Brazing Solder for crankcase re- 
pairs on aero motors is so evident that it is 
almost a criminal waste of time, money and 
labor not to use PETER’S. Think of it—a 
solder that is absolutely guaranteed to make } 

a quicker, cleaner, stronger and better 

repair than the old expensive welding or | 
soldering process. A solder that will braze / — 
any aluminum or aluminum alloy in such a 
way that it will. under the hammer test, 
break above the joint, leaving the Brazed 
joint intact, 











Write for full details and sample 
ALUMINUM BRAZING SOLDER CO. 
Montgomery Bidg., 

Chester, Pa., U. 8. A. 
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WATERPROOF VARNISH 
KAURI PAINT 
Khaki and Gray 

GLOSS BLACK ENAMEL 


Used on wings, hulls 
and pontoons by the 
largest airplane manu- 
facturers and boat 
builders because they 
are most durable, elas- 
tic, waterproof and eco- 
nomical. On the United 
States Government ap- 
proved list. 


BROOKLYN VARNISH MFG. CO. 
35 Nostrand Avenue, Brooklyn, New York 

















Finding the R. P. M. 
of Airplane Motors 


You have the opportunity to replace the time 
and labor waste of the preliminary block test 
by a handy application of the 


RAL 


SPEED COUNTER 








Simply hold the Veeder against revolving propeller shaft; apply 
slight pressure the moment you start timing; release pressure when 
minute is up. Clutch starts or stops recording mechanism in- 
stantly, giving accurate readings without need of stop-watch. 


Price, $3.00. 


Veeder Counters for recording the production of machines 
are standard for all industrial purposes. Send for booklet. 


The Veeder Mfg. Co. 


56 Sargeant St., Hartford, Conn. 
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STIMPSON-RIVETS 




















COPPER® ERNE GALUMINUM Sem” Src 
GULAR 

pom. Sizes > We Maxe Screw Heao Naits pi Rivets For Every Purpose. R . ontin 
EYELETS, HOOKS, GROMMETS ano WASHERS ror SHOES, 


70 FRANKLIN AVENUE 70 © suecter Tents, corsets, ceccins, maiL BAcs. BROOKLYN, NEW-YORK 








FOXBORO 


QUALITY INSTRUMENTS FOR AIRPLANES 


Airspeed Indicator or Buoyancy Meter Indicating Dial Type Thermometer 
Gasoline Level Indicator for circulating oil and water 
OIL PRESSURE GAUGE AIR PRESSURE GAUGE 


The Foxboro line also includes many different types of indicating and recording 
gauges and thermometers designed for all sorts of conditions and purposes. 


THE FOXBORO CO., Inc., FOXBORO, MASS., U.S.A. 


New York CHICAGO PITTSBURGH PHILADELPHIA St. Louis 
San FRANCISCO BrmMINGHAM, ALABAMA Peacock Bros., MONTREAL 











Aluminum Company of America 


Manufacturers of 


Aluminum 


Ingot, Sheet, Tubing, Wire, Rod, Rivets, Mould- 
ing, Extruded Shapes, Electrical Conductors 


LITOT ALUMINUM SOLDERS and FLUX 


Will solder aluminum to itself or other metals 











Write for information 
General Sales Office, 2400 Oliver Bldg., Pittsburgh, Pa. 


Ms orrices .« | | Christensen Self-Starter 


nme a sepieSi -1500 Westminster me 
eveland.... "950 Leader News Bui ing FT 
ERP RRS ESSE 1512 Ford Building FOR AIRCRA MOTORS 
Kansas City.. ..608 R A Long Building . 
cow Fork. poe <occha® Mecatway Starts any aircraft motor, 4-6-8-12 or 
phia .... idener Building... . 
EE ass caxecebacan 1112 Granite Building 16 cylinders, by the touch of a button. 
San Francisco.... .322 Rialto Building Prevents accidents on the ground and 
Washington. . 417 Metropolitan Bank Building in the air by its positive action 
CANADA : 
N . . 4 . 
orthern amines Ca bs deuanads Toronto Weighs 20 to 35 pounds complete. 
Northern Aluminium Co., Ltd......London A letter brings full information 
LATIN AMERICA 
Aluminum Co. of South America. Pittsburgh, Pa. The Christensen Engineering Co. 


Send inquiries regarding aluminum in any form to nearest 


Branch Office, or to General Sales Office 861 First National Bank Bldg., Milwaukee, Wis. 
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SEAMLESS STEEL TUBING 





Large Stock on 
Hand 


Prompt Mill 
Deliveries 





COLD DRAWN SHAFTING AND SCREW STEEL 
Eastern Distributor: BORDENTOWN STEEL & TUBE CORP. 


JULIUS BLUM & COMPANY 510-512 West 24th Street, New York, N. Y. 


Branches: Boston, Chicago, Philadelphia 















© fo Save the TERRY’S 


Soldier's Watch 


Accuracy 
Presswork 








To save time and tonnage use 


‘AND Terry’s 60 years’ experience. 
DUST-PROOP 


BEZEL 





XECUTIVES in Europe re- 

sponsible for supplies for 
U. S. Army—we can aid you by 
meeting your urgent needs for 
high-grade accurate press work, 
in any metal up to 4” thick—any 
eee design or quantity—from samples 
Unbreakable - Non-Splintering” =o. 
Non-Inflammable Watch Glass 


Expansion or contraction makes other unbreakable 
glass fall out in hot or cold weather.° An ordinary 
crystal breaks, with great danger to the soldier from 
giass splinters. The “Khaki” Glass can’t break, and 
can’t come out because held by the Double Clinched 
Bezel.': It grips and holds forever! Neither 
dust nor water can penetrate this bezel. Ask your 


Fe = = \ 


Stamped "KHAKI% 





We welcome correspondence or 









visit from those to whom our 
service will be valuable for large 
or small contracts. 


HERBERT TERRY & SONS, Ltd. 


The Spring and 





dealer. Used only on Depollier Military Watches Z ~ Presswork 

with Waltham Movement. Write for booklet. Se Specialists 
JACQUES DEPOLLIER & SON a ae Redditch, England 
iS MAIDEN LANE NEW YORK STEEL Est. 1855 


ROIS W. ASE C ESTABLISHED 1877 ‘ 
DL I WATCH CA Oo 7 Wholly British 















ON THE PRESS 


Aeronautical Engineering and Airplane Design 
By LIEUTENANT ALEXANDER KLEMIN 
Aviation Section, Signal Corps, U. S. A., in charge of Aeronautical Research Department, Airplane Engineering 


Department. Until entering military service, in charge of Department of Aeronautics, Massachusetts 
Institute of Technology and Technical Editor of Aviation and Aeronautical Engineering 













Price, Posteaip, IN THE UNITED STATES, $9.00 net 
THE GARDNER-MOFFAT COMPANY, INC.. ADVANCE ORDER FORM 
120 West THIRTY-SECOND STREET, New York City. 





Send me, by parcel post C. O. D., a copy of “ Aeronautical Engineering and Airplane Design” as soon as issued. 


Re. oe SRR Le Eye MOD 545 ecb. Cac tes ecadaehccaesecantlecee  aas 
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LIBERTY TURNBUCKLES 








Precision Thread made carefully by skilled Americans with 

veose precision tools and machinery. Our Enlarged Plant will 
qa permit us to take your order. 
o—s=-O Turnbuckles only. 


oso D. W. F. ENGINEERING CO. 


PROVIDENCE, U. S. A. 


We.-specialize in Airplane 
Send us your requirements today 









All recognized builders 
of airplane motors in 
America use Zenith on 
their product. 


Zenith Carburetor 
Company 
New York DETROIT  Gicags 








Specialists in Heat- 
Treating Vanadiums 


New York Wire © Spring Company 
586 Washington Street, New York 








THE RUBAY COMPANY 


Airplane Manufacturers 


TRAINING AND BATTLE PLANES 


1318 West Seventy Eighth St. 
CLEVELAND, OHIO 














‘‘Supremacy in the Air the Key to Victory!” 
Learn Aviation Mechanics 


Train Yourself for the Aviation Service and 
the Aircraft Industry by taking advantage of 
Our Ground Course in Aviation Mechanics 
Affording preparation prior to entering Government Ground 
School, covering aero-dynamics, aero-engines, 
and Lewis gunnery. Previous experience unnecessary. 
Aviation Mechanics Course 560 Aero-Engine Course $35 
CO UND 6. 66.0 ceccsacconds (3 weeks)......+6- 
Wireless Course (4 eal $25 
DAY AND NIGHT CLASSES BEGIN EVERY MONDAY 
Wrtte for our Illustrated Booklet“ a**—'* A Message to You on Artation™ 
(MEMBERS OF A yaa Socimty oF AMBEBICA) 


110-114 West 


42 Street 
Telephone Bryant 9078 


New York 


















ZSCOIMSI 
IY PLO) 2) -Vy pom (OR KO) PRY 


are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12 cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 288. Milwaukee, Wis., U. S. A. 


























The book every aviator will want to read, the 
authentic story of the greatest hero of 
the air 


GUYNEMER, THE ACE OF ACES 


By JACQUES MORTANE, translated by Clifton Harby Levy 


“I really believe that it would be a very patriotic move for you to 
publish your recollections. What do you say to it?’ asked Mortane. 
“I shall never do that work while the war lasts,"’ answered the 
Ace of Aces. ‘‘Besides, what could I add to what you know, for 
I have told you whatever you asked me to tell you. Therefore, 

if you wish, you may make a study of me. I am ready to fur- 

nish you with all the facts you may require." 


MOFFAT, YARD AND COMPANY 
New York City 
$1.50 Net 
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| AIRPLANE MANUFACTURERS: 









| The United States Government: 
i 
* uses and endorses 


THE WARNER AIRPLANE CONTROL | 


“There's a Reason’ 
ema taedtvan furnished upon 
request 
Wm. Deshler Warner--Jole Migr. 
bight - East Broad - Street 
COLUMBUS----OHIO 
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AVIATORS! 


YOU want these BOOKS 


By F. J. B. CORDEIRO 


THE ATMOSPHERE, ITS CHARACTERIS- 
TICS AND DYNAMICS. 137 pages, 35 illustrations, 
10% x7¥% in., cloth, $2.65 postpaid. 

THE GYROSCOPE, Theory and Practice. The 
most complete treatise on this subject. 112 pages, 
8% x 6% in., cloth, $1.60 postpaid. 

BAROMETRICAL DETERMINATION OF 
HEIGHTS. A practical method of barometrical 
levelling and hypsometry. 2nd ed., revised and en- 
larged, 6 x 4 in., limp cloth, 50 cents postpaid. 


SPON & CHAMBERLAIN, Publishers 


122A LIBERTY STREET, NEW YORK 

























ESTABLISHED 1910 
We carry a large stock for immediate delivery. 
Contractors to United States Government 





CAPITAL JIGS 


“crINDER STAMPINGS pies 


E realize in air or at sea there should be so 

faulty material. All machine parts must be 

made right and perform their functions properly, 
hence we have equipped our new plant to turn out work 
of the highest quality. We offer our facilities to you 
and trust we may be of service. 


Will you give us a trial? 


LANSING STAMPING & TOOL CoO. 


LANSING, MICHIGAN 



































—PONTOONS FOR SEAPLANES— 








) Oe ey A: Corporation 
Saranac Lake, NX 




















ENGINEERING PRESENTATION OF 


INVENTIONS 


AERONAUTIC, MUNITION, MOTOR, GAS AND 
FLAME, SUBMARINE, POWER, TANKS, 
WEAPONS, INSTRUMENTS AND 
ACCESSORIES. 


| IDEAS INVESTIGATED, CALCULATED AND DEVELOPED 
PREDICTED VALUES and STRESS 
DIAGRAMS 


PLANS, GENERAL DESIGN AND DETAILED 
MANUFACTURING DRAWINGS 


AUTOMOTIVE ENGINEERING COMPANY 


7TH FLOOR, 120 SOUTH STATE STREET, CHICAGO, ILL. 























ROEBLING AIRCRAFT WIRE 


@ 


John A. Roebling’s Sons ee 


TRENTON, NEW JERSEY 


ed — 





STRAND AND CORD 
Thimbles and Ferrules 


Agencies and Branches 
New York Boston Chicago Philadelphia Pittsburgh Cleveland 
Atlanta San Francisco Los Angeles Seattle Portland, Ore. 
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Recharges Itself in 30 Seconds 


A noteworthy feature of this compressed air starter is 
that it replenishes its energy in less time than any other 
starting system in existence. 

ri The 


** Perfect Starter’’ 


No alteration in motor or other 
gear reduction is needed for 
attachment. When the starter 
is not in use, the motor is left en- 
tirely free. Interference is impos- 
sible. ‘Model D” for 150 H.P. en- 
gines weighs 55 lbs., and ‘“ Model 
C” for 250 H.P. engines, 65 Ibs. 
Tested and approved by U. S. and 
Foreign Governments. 


Send for Free Booklet 
THE MOTOR-COMPRESSOR CO., Newark, N. J., U.S.A. 
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DOEHLER 


BABBITT-LINED BRONZE 


BEARINGS 


have been used for years with the utmost suc- 
cess by the leading motor manufacturers 


in the automobile and airplane industries. 


DOEHLER DIE-C: 


MAIN OFFICE AND EASTERN PLANT 
. 


8 6 | lt 8 
TOLEDO.OHIO. NEWARK..N.J. 


Also Die-Casat Babbitt Bearings, Die-Castings in 
Brass & Bronze Aluminum and White Metal Alloys 











Tycos 


Aviation 
Barometer 


Made in U. S. A. 


Write for 
Information 


Taylor /nstrument Companies 


Rochester, N. Y. 
U. 8S. A. 


For over siaty 

years makers of 

scientific instru- 
ments of 
superiority 


eee Vtigy 
/ 

A) 19 My, 

| 4 








scouts. 


tance and endurance flights. 





OPEN FOR ENGAGEMENT 


An American aviator of international fame, is open for engagement as 
test Pilot or Instructor. Has six years’ flying experience, including two 
and one-half years’ war experience on the largest bombers and the fastest 


Has flown more than forty types of machines and made many long dis- 


Factory output or single machines tested. 
Address Box 101, care AVIATION, 120 West 32d Street, New York City. 



























CLASSIFIED ADVERTISING 
10 Cents a word, minimum charge $2.00, payable in advance. 
Address replies to box numbers, care AVIATION AND AERO- 
NAUTICAL ENGINEERING, 120 West 32d Street, New York. 











AIRPLANE CHARACTERISTICS, A Systematic Introduc- 
tion for Flier and Student and for all who are interested in 
Aviation—by Frederick Bedell, Ph.D. A clear presentation 
of interest to veteran and beginner. Postpaid $1.75. Corner 
Bookstores, East State Street, Ithaca, N. Y. 











FOR SALE—One Mattison Propeller Forming Machine. A-1 
condition. Guaranteed in perfect running order. Buffalo Aero- 
plane Corporation, Buffalo, New York. 


Your 


AviatorWants ; 


Non-Shatterable 


RESISTAL EYETECTS 


He can always use a pair of these non-shatter- 
able goxgles recommended by U. S. Army and standardized by 
U.S. Navy. Write for Booklet of aviators’ experiences. Go te 
the Store where EYETECTS are sold, or—send $12 and his a:- 
dress for the goggle he wants. We guarantee delivery and satis- 
faction, Money back if you want it. Order now for timely 
Christmas delivery. 
For Army and Navy Flyers 
Manufactured STRAUSS & BUEGELEISEN 
ly by 438 Broadway New York City 


‘The Goggles that Protect} 
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ES Monnet DU PONT AMERICAN INDUSTRIES | EET F] 





Order That New Té. Now 





WILMINGTON 
oO Rayntite » Ten Material 








[_] Motor Fabrikoid 
OD Craftsman 1 Fabrikoid 


[_] Challenge Collars 
(-] Py-ra-lin Sheeting 

















Oo Sanitary Wall Finish 





CT Vitrolac Varnish 
O Flowkote Ename! 


[_] Fairfield Rubber Cloth — 


[_] Py-ra-lin Rods & Tubes 


Town & Country Paint e 


Mark X before subject that interests you 
— and Mail this Coupon to 
E. 1. DU PONT DE NEMOURS & CO. 
ADVERTISING DIVISION 


Avia. 


DELAWARE. }/ 





Oo Py-ra-lin Enamels 
[_] Refined Fusel jl 





O Metal Lacquers 





[_] Py-ra-lin Enamels 








[_] Refined Fusel Oil 
Cc Commercial Acids 





im Alums 





[_] Pigment Bases 








O Tar Distillates 





O Bronze Powder — 





0 Nitrate of Soda 





O Antoxide lron Paint 


‘= Wood Pulp 





i= Bridgeport Finishes 





Auto Enamel 





Industrial Dynamites 


0 Wood Lacquers 





Mantle Dips 








CD Blasting Powder 





i= Farm Explosives 








Oo Hunting & Trapshooting 


Fabrikoid Sheeting 





Py-ra-lin Toilet Goods 








‘= Leather Solutions 











O Anesthesia Ether 





‘a Seluble Cotton 











Visit the Du Pont Products Store 
1105 Boardwalk, Atlantic City, N. J. 
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Pleasure car production ends with De- 
cember. Next year’s model will be this 
year’s car renewed. A new top will help a 
lot. But—order it early and get one 


ee 


Place your order with your local top-maker im- 
mediately and avoid delays or disappointments later. 

Rayntite is the one material specifically guaran- 
teed for one year not to leak, crack nor peel—and 
built to last the life of the car. 

Learn its many merits. Check Rayntite in the 
coupon. Send it in. Let us send you a sample. 


Du Pont Fabrikoid Company 


World’s Largest Manufacturers of Leather Substitutes. 
WILMINGTON, DELAWARE. 
Works at Newburg, N. Y. and Fairfield, Conn. 
Canadian Office & Factory, New Toronto, Can. 





THE DU PONT AMERICAN INDUSTRIES ARE 


E. I. du Pont de Nemours & Co Wilmington, Del Explosives 
Du Pont Chemical Works Equitable Bldg., N. Y. ae and Coal Tar Chemicals 
Du Pont Fabrikoid Co. Wil Imington, Leather Substitutes 
The Arlington Works, 725 Broadway, N. Y. Ivory Py-ra-lin and Cleanable Collars 
Harrison Works Philadelphia, Pa. Paints, Pigments, Acids and Chemicals 
Du Pont Dyestuffs Co. Wilmington, Del. Coal Tar Dyestuffs 
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PRATT & LAMBERT 
AIRPLANE VARNISHES 


RUSTED wire may mean a life! 
A The wire will not be rusted before 
its appointed time if the rust-pre- 
ventive varnish lasts as long as it isexpected 
to last. And if the quality is right, it 


wi!l last as long as it is expected to last 
and you know it will endanger no lives. 


We.are manufacturers of air-drying and baking varnishes, enamels 
and finishes for brushing, spraying and dipping, for all aircraft purposes, 
including the following: 


Impermalin — a waterproof varnish for wood and fabric 
Anti-Actinic Wing Enamel, a// colors Navy Pontoon Enamel, a// colors 
Liquid Wood Filler Metal Fittings Lacquer 
Propeller Varnish Insignia Coatings 


PRATT & LAMBERT-Iwnc. 
Pioneers in the Manufacture of Airplane Finishes 
134 TONAWANDA STREET 
BUFFALO, N. Y. 
FACTORIES 
NEW YORK BUFFALO CHICAGO 
BRIDGEBURG, ONTARIO 
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Aeroplane Essentials 


In Aeroplanes, as nowhere else, it 
is vitally essential that the parts pos- 
sess the very utmost of strength, and 
so of safety. To accept the nearly- 
as-good is to court disaster. 





In Gurney Bearings the utmost of 
capacity is crowded into the one sim- 
ple ball bearing. The maximum in 
the number and size of balls is used, 
due to the patented method of as- 
sembling. The maximum of capacity 
per ball is realized by virtue of close 
and highly perfect race contour. Both 
radial and thrust loads are carried on 
a single row of balls. 


In these fundamental facts lies the 
peculiar fitness of the Gurney Ball 
Bearings for aeroplane construction. 


Our Engineering Department 
is at your service. Write us. 


Gurney Ball Bearing Co. 
Conrad. Patent Licensee 


Jamestown, eB 
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WHEN THE GLORIOVS DAWN OF VICTORY COMES AND THE TRVE 
STORY OF THE WAR CAN BE JOLD, TT WILL BE FOVND THAT CVRTISS 
AEROPLANES AND CVRIISS MEN HAVE “DONE THEIR BIT? 


CVRTISS AEROPLANE AND MOTOR CORPORATION, BVFFALO, V.S.A. 
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